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Coleman designed...for precision 


Line operated...for convenience 


the COLEMAN 


FAST... Instant reading ... just flip the switch and the needle 
indicates the exact pH or millivolts. No annoying creep or 
oscillation. 


ACCURATE... to 0.05 pH with proper technique. Unaffected 
by line voltage variations . . . fully protected from moisture 
and humidity. 


DIRECT READING... Dual scale meter calibrated 0-8 and 6-14 
for continuous, direct reading of pH or millivolts. One switch 
for scale selection. 


STABLE...Complete Stability 5 minutes after starting. Settings 
remain constant and reproducible over long periods without 
resetting or restandardizing. 


CONVENIENT... Easy-to-operate—A convenient well protects 
the electrodes when not in use. The black plastic case is stain 
and corrosion proof. 


For full details write for Bulletin BB-221 




















pH METER 


COLEMAN Cortified 
BUFFER TABLETS 


always fresh ¢ always accurate 


Coleman Buffers are accurate, because these dry 
tablets can't deteriorate and change pH as 
liquids do... accurate to 0.02 pH at all times... 
available from 2.00 pH to 11.80 pH in steps of 
0.20 pH... each tablet makes 100 ml of buffer. 


You can store a wide range of Buffer tablets in 
a small space ... and have fresh, accurate buffer 
always at hand. 

Low cost, freedom from spoilage make Coleman 
Certified Buffer tablets the economical, depend- 
able way to use buffers. 
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For full details write for Bulletin BB-205 
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Baker's Analyzed 


HIGHEST TYPE 


Chemical Reagents 
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> ome 


First, you get Laboratory CR@migal 
analysis on the label. The degas 
is plainly labeled—NOT just’? 


impurities. 





A.H.T. CO. SPECIFICATION 


JET TYPE WATER CIRCULATOR 


WITH AUTOMATIC WATER LEVEL REGULATOR 





WATER CIRCULATORS, JET TYPE, with 
automatic water level regulator, A. H. T. 
Specification. For effective cooling of contents 
of beakers, small jars, ete., partly submerged in 
a small, open-top bath when attached to a suit- 
able head of tap water; also excellent. for main- 
tenance of constant temperature in small baths 
when used in conjunction with suitable liquid 
circulating pump and a supply of heated water 
or other non-viscous bath liquid. The small size 
fits the water bath of the Stormer Viscosimeter 
and the heating trough of the Bausch & Lomb 
Dipping Refractometer. Both sizes will function 
with activating pressures as low as 2 lbs. per 
square inch, 

Consisting essentially of a narrow, modified 
“U” made of nickel plated brass with diverging 
connecting tubes and a small opening close to 
9937. the bottom to emit a fine stream which, in use, 

ik: saceciinatinialda teiaenitten creates positive agitation of the circulating liquid - “ae : 

in Water Bath of Stormer Visco- = the bath. ° The outlet side has an Opciing ‘ Laree size in post 
simeter. which determines the liquid level, and contains tion de o beaker 
an ejector-type aspirating nozzle which creates 
powerful jet pump action, and prevents overflow of open-top baths. 

The 3-inch size has connecting tubes 5; ¢-inch diameter, and spring clip for attachment to vessels with-wall thicknesses 
up to 3g9-inch. The 8-inch size has connecting tubes 7 ¢-inch diameter, adjustable clip for attachment to top of jars, ete. 
also a post, 1-inch high, above the connecting tubes, with horizontal hole and thumbscrew for attachment to 14-inch rods 
on external supports. Triangular Spiral Spring Support 9364 is a very useful accessory for assembling an inexpensive 
“beaker cooler” in the laboratory. 








9937. 


9937. bag Circulators, Jet Type, with automatic water level regulator, A. H. T. Co. Specification, as above described, complete with directions 
or use. 
Size Small Large 
Height | over: rall, inches ‘ 3 
Immersion de pth, maximum, inches. 21; 6 
Liquid level depth, minimum, inches 5 4 
8.25 








TRIANGULAR SUPPORT, Spiral Spring 
Type. Of Stainless steel, for convenient sus- 
pension of test tubes, beakers, ete., up to 5 
inches diameter, in open-top vessels when 
clipped to top of suitable containers such as 
jars, beakers, small baths, casseroles, crystal- 
lizing dishes, funnels, ete, Can be attached to 
tops of cylindrical containers from 3! to 7!4 
inches diameter, with wall thickness up to 
37g-inch. As suggested by Richard D. Fine, 
Atlas Powder Company, Wilmington, Del. 
Consisting of three spiral springs 2 inches long 
x \4-inch diameter, with loop ends, similar to 
6098-P, attached to three Stainless steel spring 
clips, 14-inch wide X 1 inch long, to form a 
9364. triangle, and three forked Spring Inserts for oar 39 
7 , . attachment between coils of the spiral springs Fig. 2, showing use of __ 
Fig. 1, showing beaker inserted atta piral Ss} s Forked Insert for use in Thermometer 
in a jar. to permit adjustment of spring tension and supporting test tubes. Holder. 

insertion of objects of smaller diameter. Useful 

for making simple ‘beaker coolers,” temperature conditioning baths, and for cooling or heating of precipitates and solutions 

when used with 9937 Water Circulator. 





9364. 


9364. Triangular Support, Spiral Spring Type, of Stainless steel, as above described, complete with three spring inserts. . ; 3.78 


3259. Thermometer Holder, of Stainless steel, with spring clip, for attachment to rim of glass beakers, jars, etc. Immersion depth of ther- 
mometer can be adjusted as required, and the holder can be attached to vessels 413 inches or more deep provided thickness of side 
walls does not exceed '4-inch. Takes thermometers, tubes, ete., up to 7 mm diameter a < : -88 


ARTHUR H. THOMAS COMPANY 


RETAIL—WHOLESALE—EXPORT 
LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE, PHILADELPHIA 5, PA., U.S.A. 

Cable Address ‘“ Balance,” Philadelphia 
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Laboratory Design 


. » » an Invaluable source of 





constructional information 
on laboratories .. . 


edited by H. S. COLEMAN, assistant director, Mellon 
Institute; introduction by Roland Wank, architect 


This treatise, the work of a large group of eminently qualified 
specialists, presents authoritative up-to-date advice and 
essential data on design, location, construction and equip- 
ment of laboratories for research and educational institutions 
and for industries. It is intended to be especially helpful to 
laboratory directors, research administrators, science teachers, 
architects and engineers, not only in planning and building 
but also in remodeling or enlarging existing quarters. laboratories. Part Ill is on industrial laboratories with chap- 
ters devoted to special types of laboratories and their 
auxiliary rooms. The last part of LABORATORY DESIGN 
is the most interesting of all because it contains concise de- 
scriptions of various types of laboratories, complete with 
plans, sections, and photographs. 


Contains the Most Complete Information on Laboratories 
Ever Published 


The book is divided into four major parts. The first is a 
general discussion of interior construction materials, furniture, 
plumbing, light and power, ventilation, and safety measures. 
Part Il is on teaching laboratories with discussions of every 
phase of their design, from site selection to interior arrange- 
ments. This section also has chapters devoted to various 
types of teaching laboratories such as those for analytical 
and organic chemistry and physical and electrochemical, 1951 404 pages . 9x12 

biochemical, chemical engineering, and metallographic 300 photographs and illustrations + $12.00 


This book contains the cumulative experience of those persons 
responsible for the design of the most successful laboratories 
in the country. There are over 150 halftone and 150 line 
illustrations in its 404 pages. 





Are you looking for information? 
See the NEW 4th EDITION... 
THE CONDENSED CHEMICAL DICTIONARY 


FRANCIS M. TURNER, Editorial Director. Revised and Enlarged by ARTHUR and ELIZABETH ROSE 


Absolutely unparalleled in usefulness, the previous This is a practical book for busy chemists, chemicd 
editions of this world-famous reference book have engineers, consultants, scientists, technicians, pw 
Sceom aes long supplied the personnel of the chemical and chasing agents, salesmen, advertising men, execr 
ae related industries with a wealth of specific informa- ‘ M : 
: . tives, bankers, lawyers, libraries, newspapers .-: 
tion about a vast number of commercial substances, a s ° 

in fact, it is designed for those in almost every 


and chemical data. 

industry and line of activity who, for any reas, 
Now, this new edition has been completely revised, need quick, accurate information on chemical term 
brought up to date and enlarged, with the addition gnd related data. 
to the previous edition of 5,000 new items, making 


a total of over 23,000 items. 1950 . 760 pages . $12.0 
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Send for copies on approval 


REINHOLD PUBLISHING CORPORATION - Dept.M-284 - 330 West 42nd Street, New York 18, N.1. 


Also Publishers of CHEMICAL ENGINEERING CATALOG, CHEMICAL MATERIALS CATALOG, MATERIALS AND METHODS, PROGRESSIVE ARCHITECTURE, 
Scientific, Technical and Architectural Books, and Advertising Management for the American Chemical Society Publications. 
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Sargent Combustion 
Apparatus 


Radiant Heating— 
Micro and 
Semi-Micro 







RAPID HEATING 

RAPID COOLING 

LITTLE HEAT RADIATION 
AUTOMATIC DRIVE owe specs 
COMPACT 


Programming controls provide four different three phase pro- 
grams, or two phase or single phase programs as selected. 


MAXIMUM UTILIZATION OF RADIANT TRANSMISSION INCREASES SPEED OF ANALYSIS 


Heats from room temperature to 700° C. in approximately When furnaces are adjacent and adjusted to the same 
seven minutes. Cools from 750° C. to room temperature in temperature, the internal tube temperature is uniform 
approximately ten minutes. throughout the length of both furnaces. 

The automatic drive and programming device for the Length of long furnace, 7 inches; length of moving fur- 
sample burning furnace allow the operator to devote his nace, 2 inches; approximate maximum length of travel of 
attention to the preparation of a second sample during the moving furnace, 7 inches; maximum size of combustion tube 
period of burning the first. accommodated, 14 millimeters O.D.; alternative rates of 

No ceramic cores or insulating materials are used—power travel of moving furnace, 4 millimeters per minute and 12 
consumption is almost half that of conventional micro per minute, respectively; maximum static time interval 
furnaces. This apparatus has been developed in consultation accommodated, 15 minutes; maximum operating tempera- 
with micro chemical laboratories in which a large volume ture of furnaces, over 850 degrees centigrade; maximum 
of elementary analysis is performed and where time is an power consumption of long furnace, 275 watts; maximum 
important factor. The Sargent Combustion Apparatus is power consumption of moving furnace, 175 watts; maximum 
being employed with great success for halogen and sulphur power consumption of complete unit, 600 watts. 
as well as for nitrogen, carbon and hydrogen. $-21580 COMBUSTION APPARATUS—Micro and Seni- 

The compact unit is installed in a metal case 24 inches Micro, Semi-Automatic, Programming, Sargent. Complete 
long, 12 inches wide and 644 inches high, with an aluminum with removable mortar, two furnaces and cord and plug 
top panel on which furnaces and controls are mounted. for attachment to standard outlets, but without glassware 
Quickly replaceable heating units are heavy gauge or thermometer, for operation from 115 vclt 60 cycle AC. 
chromel wire, AAPOR ES > BR had ERIE SOA Rey RARE. $500.00 


SARGENT 7 


SCIENTIFIC LABORATORY INSTRUMENTS + APPARATUS + CHEMICAIS 
E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINO! 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 
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acmillan chemistry texts 


for modern classes 


Introductory College Chemistry, 5th Ed. 


Harry N. Holmes: Professor Emeritus, Chemistry, Oberlin College 


Designed for first year college chemistry courses, this text is for 
teachers desiring a book somewhat shorter and less rigorous than 
Holmes: General Chemistry. The first three chapters are largely re- 
written and the valence chapter has been reset. More emphasis is 
placed on the influence of the size and the structure of the atom. 
Atomic energy and fission are given extended treatment and all appli- 
cations to industry are based on theory. Coming early June. 


Fundamental Principles 
of Physical Chemistry, Rev. Ed. 


C. F. Prutton: Vice-Pres., Director of Operations, Mathieson Chemical Corporation 
Samuel H. Maron: Professor, Physical Chemistry, Case Institute of Technology 


In this revision of a well-known text there has been a check of 
problems and an increase in their number by over 30%. Material con- 
sidered nonessential has been deleted and a new chapter on photo- 
chemistry has been added. The constants have been revised to latest 
best values and the chapter on radioactivity has been revised. New 
tables have been added. Ready in June. 


Fundamentals of Semi-Micro Qualitative 
Analysis, Rev. Ed. 


E. B. Kelsey: Associate Professor, Department of Chemistry, Yale University 
H. G. Dietrich: Assistant Professor, Department of Chemistry, Yale University 


Representing a complete rewriting of the original text, the revision 
differs in approach from its predecessor. Both the theoretical and 
analytical sections have been rewritten. At the back of each chapter 
and each analytical group, there are sufficient problems and exercises 
in the illustration and application of the principles presented. Com- 
ing in August 


THE MACMILLAN COMPANY 
60 Fifth Avenue, New York, New York 
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THEN DEPEND ON HARSHAW SCIENTIFIC TO SUPPLY IT 


All 5 Harshaw Scientific Offices maintain warehouse stocks 
of laboratory instruments, apparatus, and chemicals—in fact, 
thousands of different items . . . good, recognized items. 


We’ll ship your material from our branch nearest you... 


and there is one within fast shipping distance of you. 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL 
CLEVELAND.6, OHIO 












Cleveland 6, Ohio Houston II, Texas 


1945 East 97th St. 6622 Supply Row 
Cincinnati 2, Ohio Los Angeles 22, Calif. 

224-226 Main St. 3237 S. Garfieid Ave. 
Detroit 28, Mich. Philadelphia 48, Pa. 

9240 Hubbell Ave. Jackson & Swanson Sts. 
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THE EASIEST-TO-USE 
ANALYTICAL BALANCES 
EVER DEVELOPED! 


New Christian Becker Balances offer 


: suwifter operation ...tless eye-strain... i ; 
; greater cleaning ease than any Ch 5 VA Hi 0 Lye; ID 
‘ balance in its class! - ; 
. a complete line 
7 ° of Analytical Balances 


Now there is a completely new-design 


se 
’ Becker Balance for every use. New principles . ONLY IN A CHRISTIAN BECKER 
se . 
: . : WILL YOU FIND THESE FEATURES 
. of design . . . new all-metal case construction . . . . i Ae AEE ad 
Speed-up Operation— New design. quick- 
. . P ‘ ef acting damper. smooth-acting. one-motion 
‘ new method of column mounting. . . all contribute . dine Gas, tetany tonelile am 
trol knobs speed operation. 
. . . . . bad 
to faster, easier, more reliable weighing. Less Eye Strain—Tapered case design im- 
r . proves lighting. focuses light on reading 
. ‘ area, beam and index. White matte inside 
finish diffuses light. 
. Your supply house salesman will be glad to show you . Gubilin Ceitie-Base. com th 
- numerals on scientifically positioned. con- 
. these superb instruments, and aid you in selecting . ee ek tak caclae ok hee - 
e P J 
: ’ . Greater Working Access—Entire front of 
‘ the model best suited to your needs. Get in touch iatenin eaaie, Falk wathiinn anon tenenl 
Z accessible. No cramping of hands while 
with him today! Or write for detailed information. weighing. 
: . Prolonged Sensitivity—Less knife edge 
e . dulling, beam arrest arms and beam pivot 
, on a common axis—no sliding of knife 
edge on bearing surface. 


Chestian Sicko 


Division of 


ee ee THE TORSION BALANCE COMPANY 





Main Office and Factory: Clifton, New Jersey Sales Offices: Chicago « Dallas * San Francisco 
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FOV... 
POWERSTAT === 


Auto-transformers of toroidal EXCELLEN ——sNeHLenT 


I ascs sctones to de ‘) VEC! SO~ perfected” REGULATION 


liver a continuously adjustable NSER hams = 


output voltage from AC power 

5 VOLTAGE CONTROLS — "vines 

The ideal all-purpose voltage 

controls, used in laboratories 

throughout the country. With 
the Powerstat, you can be sure 
that the current rating is the current available over the entire range of output 
voltage. No need to 
refer to a graph to de- 
termine the allowable 
current at a specified 
value of output voltage. 


6433-8 TRANSFORMER, Variable, “Powerstat”’ 
For use with ‘“‘Glas-Col’’ Heaters or other electrical equip- 
ment. Transformer has an input rating of 115 volts, 50/60 
cycles, 1 phase; output voltage range of 0-135 volts, maxi- 
mum rated output current of 7.5 amperes available over 
entire range of output voltages; maximum output of 1000 va. 
(7.5 amperes at 135 volts). Suitable for all ‘“‘Glas-Col” 
mantles up to and including the 50-liter size. 






































































re) By changing internal terminal connections the maximum 
output voltage can be limited to 115 volts instead of 135 
volts. For convenience, one side of the dial is etched with 
/ graduations 0 to 135 volts and the other side 
— is etched 0 to 115 volts. ea $23.0 
6433-9 TRANSFORMER, Variable, “Powerstat’—Trans- 
former has an input rating of 230 volts, 50/60 cycle, single 
phase and output voltage range of 0-270 volts, 9 amperes, 
2.4 kva. Transformer has a two-wire input cord and plug, 
and a two-wire output receptacle. This ‘‘Powerstat’’ is 
Lick. suitable for use with the 72-liter heating 
tion mantles. ea $56." 
con- 
STANDARD recommends the use of 
| im- “Powerstat” voltage 
ding controls with 
7" “GLAS-COL” 
see Heating Mantles.. - 
con- and STANDARD 
ad- stocks a complete line of “GLAS-COL" units. 
ut of “POWERSTAT” VOLT BOX—A compact portable source 
ntly of variable AC voltage, providing a much-needed instrument 
_ for use in any laboratory. In its cast aluminum case are all 
the components necessary to obtain accurate, dependable, 
vdge variable AC voltage. Each component is placed con- 
wes veniently for ease of operation. 
nile 
6433-10 ‘Powerstat’’ Volt Box, 115 volts, 
50/60 cycles 1 phase input; 0-135 volts, 7.5 $ 00 
amperes output. a 46. 
6433-11 ‘‘Powerstat’’ Volt Box, 230 volts, 
50/60 cycle, 1 phase 
line to deliver 0-270 @@ $H2 00 
volts, 3.0 amperes. 
ENTIFIC 
34 West 4th Street New York 12, 
-ancisco 
E, 1951 § Please mention CHEMICAL EDUCATION when writing advertisers 1] 
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4» WIDE SELECTION... 
B&A has over 1,000 laboratory 
chemicals for you to choose 
from. 


SETIng 9 since 188 4 
NE PACE im CHEMICAL PURITY SINCE I®™ y 


HIGHEST PURITY... 


always meet or exceed A.CS. 
specifications. 


BARIUM CHLORIDE 


ee F/ READILY AVAILABLE... 

Stata cHemicar DIvis!O™ from B&A’s own well-stocked 

“ow vom yw distributing stations situated in 
key centers everywhere. 





BaA SAVES YOU time, money, effort in your laboratory chemical buying 
When you specify B&A, you can choose from more than 1,000 purity 
products of Reagent, A.C.S., C.P., U.S.P., N.F., and Technical grades. 


THE BAKER & ADAMSON LABEL is your assurance of the highest purity. 
Reagent chemicals that bear the B&A “Shield of Quality” always meet or 
exceed A.C.S. specifications . . . the exacting purity standards set by the 
chemical profession itself! 


YOU GET prompt and efficient service. Extensive stocks of “B&A Quality’ ff Asa se 
products are supplied through B&A’s own chain of distributing station Jf "lorie: 
located from coast to coast. im, 

lew an 
Contact the B&A office nearest you and tell them your needs. Your B&Ag Handli 
salesman will work with you in having our local stocks built to meet you 5°™ 
requirements. 


REAGENTS 


BAKER & ADAMSON Kezegculh 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y= = — ==" 


Offices: Albany © Atlanta © Baltimore* * Birmingham* ¢ Boston ¢ Bridgeport* ° Buffalo’ 

Purity Charlotte* * Chicago* ¢ Cleveland* * Denver* © Detroit* © Greenville (Miss.) * Howstot’ 

Jacksonville * Kalamazoo ¢ Los Angeles* ¢ Minneapolis * New York* «¢ Philadelphit’ 

Pittsburgh* © Providence* © St. Louis* © San Francisco* © Seattle © Yakima (Wash! 
In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. 

In Canada: The Nichols Chemical Company, Limited * Montreal* * Toronto* ¢ Vancouvel’ 


FINE CHEMICALS SETTING THE PACE IN CHEMICAL PURITY SINC ges 


* Complete stocks are carzied 


STANDARD 
or 
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How to get best results with Glass Volumetric 
Apparatus...described in rhis new b00k 


laboratories are: a short history and ex- 


purily. 
meet of 


As a service to scientific and clinical labo- volume of a glass vessel from apparent 


ratories, Kimble Glass after months of volumetric calibration. 


development and research has prepared a 
new and informative book, “The Care and 
Handling of Glass Volumetric Apparatus.” 

Some of the subjects of vital interest to 


planation of the metric system of weights 
and measures; how to clean apparatus; 
how to read the meniscus; how to fill and 


empty flasks, cylinders, burettes, pipettes ; 


gravimetric calibration; calculation of 


weight of liquid; 

If you will mail the coupon below, 
Kimble will be happy to send you, without 
cost or obligation, your copy of this in- 
formative book. 


eet youl 


Kimble Glass, Division of Owens-Illinois Glass Company 
Toledo 1, Ohio 

Please send my copy of the new Kimble book, 

**The Care and Handling of Glass Volumetric Apparatus.” 


Name 
Address 


City State 


KIMBLE GLASS TOLEDO 1, OHIO 


Division of Owens-Illinois Glass Company 
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Ouickiy Available 


Wherever you are, 


there 1s a nearby suppler of Merck Laboratory Chemical 


Merck Laboratory Chemicals 
throughout this country—one of the 
largest, most extensive distributive t 
systems in the laboratory chemical 
field. When you specify Merck 

you can be sure of speedy 
shipment from your nearby source. 


There are 64 local suppliers of i 
4 













Onvarying Purity 


Every batch of the 600 

Merck Laboratory Chemicals must 

meet the same predetermined standards 
of purity—through one of the 
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ys most rigid quality-control systems 
Ziel ever devised. For best results 
Zz 
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be sure to specify Merck. 





” MERCK LABORATORY CHEMICALS 


MERCK & Cco., Inc. Manufacturing Chemists RAKWAY, NEW JERSEY 
New York, N. Y. + Philadelphia, Pa. « St. Louis, Mo. « Elkton, Va. +» Danville, Pa. 
Chicago, Ill. « Los Angeles, Calif. 

In Canada: Merck & Co. Limited + Montreal + Toronto + Valleyfield 
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High Vacuum 


Whether your high vacuum requirements be 
Mtration—distillation—transterens, of liquids 
~~ ©Vaporation, the New Cenco-Pressovac 
Pump is fast, €Conomical and serviceable. Try 
ANTEED it for effective high vacuum with high pump- 
UAR 
25 
MICRONS 


ing Speed and quiet Operation. Furnished With 
reliable Motors for Standard Currents and 
voltages, 


No. 90550A New Cenco-Pressovac Pump (for 
vacuum only) for 115 volts, 60 Cycles 


No. 905104 Cenco-Pressovac Pump (for Pressure 
and vacuum) for 115 Volts, 60 cycles 


Write Dept. ( «Sor vacuum engineering bulletin 10 
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Set Ever Made 
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In New, Modern 


Plastic Case 


 ¥— 


B qSet No. 1241 
50 gram x 10 
mg. Total 
weight capacity 
101 grams. 


f 
50 gram to 10 mg., complete U 
with Stainless Steel Forceps 


At the Amazingly Low Price of 


$©Q).75 


per set 
Perfect for School and Industrial Use 


At the amazingly low price listed, it will pay you to 
have a set of these weights for every balance you use. 





Bureau of Standards Class ““C” tolerances, the accuracy 
required for test weights used by Sealers of Weights 


In the new, modern Clear-View plastic case, weights 
are well protected yet clearly visible through the trans- 
parent lid. Each weight has its definite place in the 
shrink-proof bakelite insert, holes do not distort, 
weights do not stick. Furthermore, the set has been 
designed so that the lid prevents the weights from 
falling out of place when the box is inverted. The 
complete set is a compact and attractive unit which 
will easily fit into the drawer of an analytical balance 
case. 


Every weight is individually adjusted to well within 


and Measures. The weights from 1 to 50 gram are 
made of highly polished lacquered brass; fractional 
gram weights are satin finished aluminum. Each weight 
is clearly marked for easy identification. 

The forceps supplied are made of highly polished stain- 
less steel, and were designed for easy handling of the 
smallest weights. They will prove their worth in 
handling the weights, and as a generally useful labora- 
tory instrument. 


Available at Laboratory Supply dealers throughout 
the United States and Canada. 


We invite your inquiry for additional information and name of laboratory supply dealer nearest you. 


OHAUS SCALE CORPORATION 


1050 COMMERCE AVE. 
UNION, N. J., U.S.A. 


Laboratory Scale and Weight Specialists Since 1907 
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How PYREX Brand 
LABORATORY WARE 
Helps Cut 
Replacemen} Costs 


Tough, durable PYREX brand laborator 

the added resistance to thermal and Physical shock 

that stands UP under student knock-about use. And 
» dependable Service 

mean substantia] Savings to you, 

especially in these days of rising costs. Accurate 
records kept by an Eastern College, 


for example, 
Show that PYREX brand test tubes outlasted any other 
type 344 times to 1. 





Y ware has 






Behind the Outstanding advantages of PYREX brand 
laboratory Ware isa scientific blending of physical and 
chemical] Characteristics . * + SO Carefully carried out 
that all the Properties essential for economy, accu- 
racy and durability are combined and Maintain 
their maximum value. See your laboratory dealer 
now about your future PYREX requirements, 


CORNING GLASS Works Corning, N.Y. 





PRECISION-THELCO Cabinet Line saves consider- 
ably on low original cost and long service. Quick, 
thorough controlled-temperature; larger interior; 
welded construction; safety catch; non-char asbestos 
door-seal; baked enamel finish; selection to suit every 
purpose. Ideal for the limited budget. Bulletin 11-376 


For New 


in Laboratory Apparatus 


lower cost, more volume— 


PRECISION Water-Still Line cuts costs for every 
gallon of pure distillate. Low price, especially in view 
of distinctive features. Less down-time because faster 
take-down, easier cleaning. Longer life through rugged 
construction, stainless steel, heavy tin lining, preheated 
water, thorough insulation. Bulletin 11-910 


To make your work easier, surer, more economical, replace or 
implement your present facilities with selections from some 3,000 
Precision products. “‘Utility’’ items as well as highly specialized 
instruments are built beyond duty requirements. 





Onder from your Dealer NOW! 


... or write us for details on above or 
your individual problem . . . today. 





Precision Scientific Company 


3737 W. CORTLAND STREET—CHICAGO 47 





* FINEST Research and Production Control Apparatus 
NEW YORK + PHILADELPHIA - ST. LOUIS » HOUSTON * SAN FRANCISCO 
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the package Experience Created 
wr the Yabol Experience dictated 


CAP 


The screw cap, 
introduced for 
the packaging 
of chemicals 

- by Mallinckrodt 
in the early 20’s. 


PROTECTIVE SEAL 
Assures the 
consuming chemist 
of factory-packaged 
chemicals—of 
original purity. 


LABEL 

White on black 

for unmistakable 
readability—leaves 
no room for reading 
errors. For your 
protection hazardous 
chemical labels have 
precautionary infor- 


mation onaside panel. 


BOTTLE 

Shaped for easy 
handling. Removal 
of chemicals made 
convenient by the 
wide mouth and 
sloping shoulder. 


R 
‘RIUM CHLORIDE 


Baci.+2H.0 


AN 
ALYTICAL REAGENT 


bw 
T CHEMICAL works 


PHILADELPHIA. NEW YO 
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SIDE PANEL 

Introduced by 
Mallinckrodt to avoid 
label congestion and to 
give greater legibility to 
the important maximum 
limits of impurities. 


BaCl.+2H.O M.W. 244.31 


Meets A. C. 8S. Specifications 


Maximum Limits of Impurities 


Alkali Salts (as Sulfates).. . 0.060 % 
Calcium and Strontium Salts 
Ono wet EEE EEE 0. 


‘Iron (Fe) 


- i 
Other Heavy Metals (as Pb). .0,0005q 
Nitrate and Chlorate 

(as NOs) 








Add this beautifully illustrated book to your chemistry library. 


The CHEMICAL ARTS 
of OLD CHINA 4 


by 
Li Ch’iao-p’ing | 
Professor of Chemistry 


National Northeastern University 
Mukden, China 









Sweeping the salled ash ‘ 
to heaps after the sea wat 
has evaporated. 

If you are a lover of beautiful books—and 
a chemist besides—you’ll want to add a 
copy of The Chemical Arts of Old China to 
your personal chemistry library. You and 
your family will cherish this exquisitely de- 
signed and illustrated book. 








God 





Included in The Chemical Arts of Old China 
are copiously illustrated chapters on al- 
chemy, metals, salt, ceramic industries, 
lacquer and lacquering, gunpowder, colors 
and dyes, vegetable oils and fats, incense, 
essential oils, and cosmetics, sugar, paper, 
leather and glue, soybean products, al- 
coholic beverages and vinegar . . . plus an 
appendix showing the dates of the Chinese 
Dynasties, and a list of Chinese weights 
and measures. 


Working the drainers for 
the preparation of concen- 
trated brine. 


56 pen and brush drawings, and 22 halftone 
plates illustrate the ancient Chinese meth- 
ods of producing salts, glazing porcelain, 
preparing gunpowder, manufacturing inks 
and dyes, preparing maltose, making paper, 
distilling spirits, etc. 


Whatever your particular interest, you will 
find much to delight and intrigue you in 
Professor Li’s book. Artistically designed 
cover and endpapers, English and Chinese 
title pages, and numerous illustrations, all 
contribute to the beauty of The Chemical 
Arts of Old China, and to your reading 
pleasure. 

229 pp. $5.00 (postage prepaid) 

($5.50) Foreign 


Final crystallization of t 
salt. 


Order your copy today from 


~—— CHEMICAL EDUCATION PUBLICATIONS — 


2077 NorRTHAMPTON Sr. Easton, Pa. 
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)yson CHEMICAL LITERATURE 
| By G. Malcolm Dyson. Ready, June 1951. 152 pages. About $1.75. Nota 
bibliography, but a guide, useful to student and research worker, suggesting 
methods for using the literature of chemistry and allied subjects, and giving specific 
data on all principal journals, including those now discontinued. 
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ation of h rtington 


By F. W. Goddard, Winchester College. Ready, June 1951. 232 pages. Figures. 
About $1.50. Mathematical principles and practical methods, illustrated in 
worked examples; over four hundred problems, in qualitative and quantitative 
analysis, organic compounds, etc., with answers. 


ORGANIC CHEMISTRY 


By I. L. Finar, Northern Polytechnic, London. 1951, published. 696 pages. 
Figures. 10x 614 in. $7.50. A comprehensive and detailed survey, based on 
electronic theories and giving attention to systematic nomenclature. 


THE ACRIDINES 


By Adrien Albert, Australian National University. 1951, published. 381 pages. 
32 figures. 99 tables. 10x 734 in. $14.00. The preparation of the acridines, 
and their physical, chemicai, and biological properties and uses. 


LINEAR POLYMERS 


By R. F. Tuckett, Cambridge University. Ready, June 1951. 352 pages. Illus- 
trated. About $2.50. The physical chemistry of plastics, the various methods 
of forming high polymer molecules, their properties in solution, and their elastic 
and plastic properties as related to basic chemical structure. 


ADVANCED TREATISE ON PHYSICAL CHEMISTRY 


By J. R. Partington, University of London. 


Vol.I: Fundamental Principles, and The Properties of Gases. 1949. 943 pages. 
Figures. 10 x 634 in. $16.00. 


Vol. II: The Properties of Liquids. Ready, August 1951. 500 pages. Figures. 
10 x 634 in. About $10.00. 


Lougmans Green & Co.,Juc. 


55 FIFTH AVENUE NEW YORK 3, N. Y. 
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Hill Books 
PRINCIPLES OF ORGANIC CHEMISTRY 


By James ENG.Isu, Jr. and Harotp Cassipy, Yale University. International Chemical Series. 
512 pages, $5.50 
A basic text for the standard undergraduate course, this book presents a selected body of factual 
and theoretical material, and shows how this carefully chosen material, the result of experiment, 
is used in the development and practice of the science. An integrated modern treatment has been 
used throughout, incorporating electronic theories so as to unify the discussion of all topics. A 
large number of challenging problems is included. 


EXPERIMENTS IN BIOCHEMISTRY 


By M. S. Dunn, University of California, and Wiritut1am Dre t, California Institute of Tech- 
nology. In press 


A guide to advanced laboratory work, including much more theory and reference data than is 
customary in lab manuals. Covers isolation, synthesis, analysis and determination of biological 
substances including amino acids, peptides, etc. Emphasis is in completeness of lab directions, 
yields and purity of products, precision and accuracy of quantitative data, integration of quali- 
tative tests for the identification of substances, explanation of chemical reactions, and quality of 
results. 


THE CHEMISTRY AND ACTION OF INSECTICIDES 


By Harotp H. SHeparp, U.S. Department of Agriculture. 496 pages, $7.00 


An authoritative text and reference, this book is concerned with the properties of insecticides, 
rather than the details of insect control, and includes the essential facts and theories regarding 
the chemical, physical, and toxicological aspects of insecticides, as well as their effects upon in- 
sects, plants, and higher animal life. 


QUANTITATIVE ANALYSIS. A Theoretical Approach. 
New 3rd Edition 


By Wiiu1am Rieman III, Rutgers University; Jacop D. Neuss, Merck and Co., Inc.; and 
Barnett Naman, College of the City of New York. International Chemical Series. 523 pages, 
$5.00 


An excellent revision of a well-known text, this book places emphasis on the theoretical aspects of 
quantitative analysis. Of special significance is its application of the modern theory of electrolytic 
solutions to quantitative analysis. The text employs consistently the principle of formal redox 
potentials and the Brénsted concept of acids and bases. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, Inc. 
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I have a friend—a physicist—who, when asked to 
define physics, says: ‘Physics is what physicists do.” 
This sounds like a pretty good definition and perhaps 
deserves to be extended to cover scientists in general. 
If this be true, a liberal education in the “scientific 
method” is less a matter of philosophical discussion 
than of day-by-day observation of what goes on. 

Elsewhere in this issue (pages 300 and 304) are two 
articles which deal with the method of science and 
which present extreme or contrasting points of view. 
Neither, however, precludes the truth of the other— 
as far as it goes. The first argues, rather convention- 
ally, that inductive reasoning is the basis and method 
of science and that the habit of this kind of thinking 
should be one of the objectives of general education. 
Certainly such a habit, more widespread, would help 
to alleviate some of the world’s troubles. 

The second article is perhaps wrongly titled. Only a 
scientist of Walden’s stature and prestige could risk 
suggesting the initiation of ““Lady Luck”’ into the scien- 
tifie fraternity. His thesis is rational only in the light 
of Pasteur’s oft-quoted remark: ‘‘Chance favors only 
the prepared mind.’’ The real argument here is that 
the “prepared’’ mind comes to its illuminating conclu- 
sions not only by following regimented procedures but 
also sometimes in its own mysterious, subconscious 
way, when free from all external restraints. Call this 
what you will—intuition, illumination, mysticism, sub- 
conscious thought, deduction—nevertheless, Walden 
has collected an impressive array of examples to show 
that this is often what scientists do. A lesson worth 
deriving from this is that the mind, like the human 
spirit (if there be a difference), is at its best when it 
lives in an atmosphere of freedom. 

W. I. B. Beveridge, in the same article from which 
I quoted last month,’ has something to say on this 
question: 







First, it may be necessary to change radically the student’s 
conception of research. He has been taught science as a logically 
arranged scheme of knowledge and he has been trained to think 
logically about it. His natural inference is that knowledge ad- 
vances mainly, or even only, by the application of purely logical] 
processes. Al] his training has been towards a detached, objec- 
tive mode of thought and he has now to learn that, although this 
training is valid for the design and execution of experiments and 
lor the assessment of results, there are other research activities 
which involve an intensely personal or even frankly subjective 
‘pproach. It may surprise him to learn the varied scope of re- 
search and to realise that erudition is not so all-important as the 
examination system may have led him to believe. He might rea- 
sonably be expected to profit from being introduced to new habits 


























“Teaching the art of research,” Research, 4 97 (1951). 
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The fact that there 
are, for the scientist, dangers in subjective thinking is all the more 
reason why he should be told something about it, because he is 


of thought in which he is as yet untrained. 


going to use it in any event. The sooner he realises this the 


better. 


After expressing some surprise that students of science 
seldom receive any instruction in the “scientific method”’ 
he goes on to say: 

The reason for this state of affairs is that the scientific method 
has for some reason been regarded as the province not of scien- 
tists but of philosophers and as developed by them it is sterile as 
a means of discovering new facts and theories in science. I 
think the error lies in the logician’s attempt to make research a 
logical science whereas in fact it is a creative art... At first 
sight it may seem paradoxical to say that scientific research is an 
art; but it is a conclusion which I do not think can be avoided 
and most research workers on reflection see the truth of it. The 
difference between a science and an art is that a science in the 
restricted sense is objective, rational and systematic and in 
practising a science one does things under guidance of conscious 
reasoning, whereas in an art there is a large subjective element 
and one’s activities are dictated to a considerable extent by un- 
conscious mental processes. 


This implies, I think quite rightly, that whereas 
science itself is rational, objective, and logical, the 
method of scientific discovery, by which its conclusions 
and formulas have been reached, is not so closely re- 
stricted. Bridgman has said that the scientific method 
is doing one’s damndest with one’s mind, no holds 
barred. 

Our teaching objective is presumably to enable one 
to distinguish between reliable conclusions on the one 
hand and propaganda, persuasive advertising, and dog- 
matic assertions on the other. What zs important in 
making this distinction? First, skepticism. We ac- 
cept nothing permanently merely because someone 
has said it. Second, inspection and _ justification. 
Every new conclusion, however arrived at, by induc- 
tion, deduction, intuition, or “hunch,” is tested for 
compatibility with reliable facts which have been estab- 
lished by reproducible observation. If the conclusion 
is a generalization or summing-up of such facts it must 
be an accurate summary of them; if it is an attempted 
explanation of existing phenomena it is only necessary 
that it be adequate and self-consistent, either in the 
form of a mental picture or a mathematical expression. 
Third, tentative acceptance. All conclusions and 
statements are perpetually on trial and are abandoned 
when no longer in accord with objective evidence. 

Certainly, the world would profit greatly if many 
people (I hesitate to say all) were to develop the scien- 
tific habit of thinking, and if some (at least) were to 
cultivate the art of research. 











NILS GABRIEL SEFSTROM AND THE 


DISCOVERY OF VANADIUM 


Ap rue only factory in Sweden for the production of 
vanadium pentoxide (V,0;), owned by the Falun Cop- 
perworks, in the mining town of Falun in Dalecarlia, 
there occurred a few years ago some cases of illness 
due to the handling of the material. In 1947-50 I 
carried out an investigation on this occupational dis- 
ease, which up to then had been fairly unknown and 
unclear.! On studying the history of vanadium I 
found that the discoverer of the element, the Swedish 
scientist Nils Gabriel Sefstrém (1787-1845), one of 
Jéns Jacob Berzelius’ (1779-1848) most prominent 
pupils? had worked for sixteen years in this very town, 
Falun. 

The metallic element vanadium occurs fairly exten- 
sively in nature, although in very small concentrations. 
The crust of the earth is said to contain approximately 
0.01 per cent of vanadium. It is most commonly 
found in iron ore rich in titanium, and in carnotite, 
hydrated potassium-uranium vanadate. Vanadium 
occurs also in the ashes of some plants (sugarbeet, vine, 
oak, beech), and in some lower marine animals (As- 
cidiacea) in which it is probably contained in some 
enzymes essential for life. The relatively high vana- 
dium content in coal and some mineral oils is considered 
to be of such organic origin. 

Vanadium is described as a very hard and brittle 
metal of steel-gray color. Because of its hardness and 
its ability to combine with iron forming an alloy, ferro- 
vanadium, it has become very useful and is in great de- 
mand in the manufacturing of hard steel for machines 
and tools. It is also used as a catalyzer in chemical 
industries, e. g., in the manufacture of sulfuric acid. 
Compounds of vanadium are used as mordants in dye- 
ing, preparation of ink, as accelerators in the drying of 
paints and varnishes, in insecticides, photographic 
chemicals, and in glass manufacture. The fact that in 
Germany the consumption, according to available 
figures, increased from 150,000 kg. in 1934 to 400,000 
kg. in 1937 and to 5,000,000 kg. per year during the 
last war, and in England from 170,000 kg. in 1936 to 
2,500,000 kg. in 1943, is further evidence of its rapidly 
increasing importance. It is also a matter of consider- 
able economic importance, as vanadium is as yet com- 
paratively costly. 

1 Ss6perc, 8. G., “Vanadium pentoxide dust,” Acta Med. 
Scand., 138, suppl. 238 (1950). 

2 Jernkontorets Ann., 1, 6 (1846); Jorpes, “Jéns Jacob Ber- 
zelius,” Fritze’s, Stockholm, 1949; SéperBAum, “Jac. Berze- 
lius,” Almqvist & Wicksell, Upsala, 1929, Vols. I-III; M. E. 


WEEKs, “Discovery of the elements,” J. CHem. Epuc., Easton, 
Pa,, 1939, p. 146. 
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SVEN GOSTA SJOBERG 
Centrallasarettet, Eskilstuna, Sweden 


The ill effects of vanadium compounds are also in. 
portant and interesting. As already mentioned, V,0, 
may give rise to an occupational disease. The main 
symptoms are transient irritation of the mucous men- 
branes of the upper respiratory tract and the bronchi, 
with nasal catarrh, irritation of the throat, and a cough 
with wheezing sounds over the chest, attended by 
dyspnea and fatigue, attributed to exposure to vans 
dium pentoxide dust. Intercurrent pneumonia has 
been demonstrated in a few cases. The condition js 
relatively mild and no deaths have occurred. Nor 
have any diseases of the lungs been demonstrated be 
cause of dust (pneumonoconiosis), such as in silicosis 
or cemented tungsten carbide pneumonoconiosis, 4: 
though slight chronic-catarrhal changes in the mucous 
membranes of the respiratory tract may develop, 
Cases of occupational eczema have occurred. It has 
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been found that vanadium is absorbed and excreted in 
the urine, but no general poisoning has been demon 
strated, although it is known that soluble vanadium 
compounds in large doses have a marked toxic effect it 
experimental animals. An interesting fact is that the 
aforementioned catalytic action of vanadium may al 
be traced experimentally in some enzymic processes. 

The corrosive effect of vanadium in oil-heated boiler 
(as the element is contained in the ashes of minem 
oils) is of interest in this connection. Here it is # 
matter of catalytic action with oxidation of SO, to S0, 
although the formation of vanadates probably cor 
tributes to the corrosion. 

The raw material used in the manufacturing proces 
is iron-ore slag from the Domnarfvet lronworks 
This slag contains about 12 to 17 per cent of vanadium. 
The bulk of the finished product is delivered to Séder 
fors lronworks for the manufacture of hard steel’ 
Briefly, VO; is produced as follows: The slag is crushed 
pulverized, and mixed with soda, whereupon it } 












roasted at 600-800°C. which renders the vanadiut 
soluble. This is followed by extraction with wam 
water, precipitation of V.O5, and drying of the produc! 
The rate of production is comparable with the figure 
for England and Germany, already quoted. 

Surely Sefstrém himself could never have forest 
the consequences of his discovery. It is significall 
that in the account of his scientific work his biographe 
in 1846 deals rather cursorily with the discovery whit 
today stands out as his greatest achievement. 

And the man behind the discovery —what sort of a pe! 
son was he? To the present-day observer his portral! 


—— 





3’ BerGHouM, Bergslaget, 5, nr. 3, 30 (1950). 
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drawn by Diez and lithographed by Woelfjle, seems to 
radiate an exceptionally intense intellectual sharpness. 
His anonymous biographer in the Annals of the Corpora- 
tion of Ironmasters, however, who evidently knew him 
intimately, considers that the portrait certainly is 
“fairly true in details, but the expression of the whole is 
lacking.” According to the same source, he was “of 
more than ordinary size, and with his towering height 
and the sincerity of his face, his whole appearance gave 
the impression of uncommon strength and simplicity. 
In his later years a marked pallor betrayed permanent 
ill-health.” There may be some suggestion of this 
ill-health in the features reproduced on the medal 
which his pupils had made in 1839, when he retired from 
the Falun Mining School, but on the whole, this picture 
makes a more impersonal impression than Diez- 
Woelfjle’s portrait, and shows merely the features of a 
dignified middle-aged gentleman with an aristocratic 
profile. 

His biographer writes that “che was of an honest and 
upright character, his company was pleasant and highly 
instructive. He feared no hardships, on the contrary, 
be loved them, and neither illness nor fatigue could de- 
feat the tenacity of purpose with which he pursued an 
undertaking. Faithful to his friends, he spoke his 


‘} mind without mercy, sometimes rigorously, in front of 


those who did not share his views. This characteristic 
of his, by which he incurred the displeasure of many 
men, was bound up with his sincerity... .’’ Whether 
this obituary was written by an admiring pupil or not, 
these few words outline a number of traits that one ad- 
mires in such a man and which also seem to be con- 
sistent with the impression one gets from his portrait. 
Sefstrém was born on June 2, 1787, in Ilsbo, Halsing- 
land, a county in the north of Sweden, where his father 
was a clergyman. He was sent to a “trivial school’ 
in the town of Hudiksvall, and later to the Gymnasium 


} at Harnésand. In 1809, after a year or two at Up- 


sala University where he also assisted his father ‘‘in 


{clerical business,” he went to Stockholm, to study 
[physics and chemistry with Berzelius, much to his 


father’s disappointment. For a living he worked as an 


} assistant master in a private school and also as a private 
tutor. In 1811 Berzelius took him under his charge, 


and with his usual generosity Berzelius seems to have 


} made himself economically responsible for his further 


education at Karolinska Institutet in Stockholm. In 
1813 Sefstrém passed the final university examination 
in medicine and received his doctor’s degree in the same 


J year. From 1813 to 1817 he worked as an assistant 
physician at the Royal Hospital of the Order of the 


Seraphim, now Serafimerlasarettet, in Stockholm. 
After 1817, however, he devoted most of his time and 
Interest to chemistry and metallurgy. He was ap- 
pointed teacher of chemistry at the Royal Military 
College, “assistant Master of Chemistry at the Royal 
Caroline Medico-Surgical Institute,”’ and at the Royal 
Artillery College, from 1818, with letters of appoint- 
ment as a professor. 

When in 1820 the king ordered the establishment of a 
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© 5 me Aes Sen, yee v1 Wale 


Nils Gabriel Sefstro6m 


mining school at Falun, Sefstrém was appointed chief 
teacher without having to apply for the post, and, from 
1822 when the school opened until 1838 when he was 
forced to retire because of ill health, he exercised his 
authority in a manner which his biographer describes 
as follows: ‘Those who learnt to know him during this 
period cannot speak too highly of the zeal, the solicitude, 
and the inexhaustible energy with which he discharged 
the duties of this responsible and difficult office. These 
are qualities that have left deep and lasting traces in 
the hearts and the work of numerous pupils.” 

In 1839 Sefstrém moved to Stockholm and was made 
salaried adviser to the Mining Society, director of the 
“Mineral Cabinet, Laboratorium Chemicum and 
Library of the Royal Mining College,”’ and “Appointed 
Member of the Royal Mining College.” He also re- 
ceived a number of honorary commissions. Thus, 
from 1820 he was the editor of Annals of the Corporation 
of Ironmasters; from 1815 he was a member of the 
Royal Academy of Science and its president from 1840 
to 1841. 

For many years Sefstrém was in precarious health, 
and on November 30, 1845, he died following a stroke. 

His discovery of vanadium, by which he, as it were, 
erected his own monument, literally more durable than 
copper, is interesting and well known, thanks to the 
correspondence between him and Berzelius which has 
been preserved. 

In 1801 the Mexican mineralogist del Rio thought 
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that he had discovered a new metal which he first 
called erytronium, but which he later considered to be 
merely lead chromate. Only after Sefstrém’s dis- 
covery was it established that del Rio’s preparation 
actually consisted of vanadium. 

In 1830, when he was still working at Falun, Sefstrém 
believed that he was able to trace the presence of a pre- 
viously unknown metal in iron from Taberg in Smaland. 
In the beginning the extraction of the new metal was a 
slow process, on account of the small yield. At one 
time Sefstrém nearly gave up in despair, fearing that it 
would prove to be nothing but chromium after all. 
From his frequent letters to Berzelius it is clear that the 
difficulties grew as the investigation proceeded. From 
the end of 1830 the work was carried out in Berzelius’ 
laboratory in Stockholm. On Christmas Eve, 1830, 
Berzelius wrote to a friend: “Sefstrém arrived here 
yesterday. He is now living with us and will stay 
until Jan. 12th in order to complete the experiments 
with his new metal, about which there is no longer any 
doubt, and of which he has procured good quantities. 
The experiments in the laboratory were begun already 
yesterday, and today he has the pots boiling.” A few 
days later he wrote to another pupil: ‘“Sefstrém has 
been here since the 23rd. We are working together 
with his new metal. . .an extraordinary rascal.” (Evi- 
dently Berzelius referred to the metal.) 

In January 1831, thanks to the assistance he re- 
ceived from Berzelius, Sefstrém was able to remove all 
impurities in the specimen he had brought with him, 
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and to produce the new oxide in a purified state. As q 
result, Berzelius could finally establish the discovery of 
vanadium and in his letters describe its most character. 
istic properties. Always generous, he ascribed the 
credit of the discovery entirely to his pupil. 

In a letter to his-German pupil and friend, Friedrich 
Wohler (1800-82), Berzelius writes jokingly about the 
discovery, alluding to the fact that Wohler himself 
had very nearly made the same discovery, but had let 
the opportunity pass: 


In days of old there lived in the far North a goddess 
named Vanadis,‘ beautiful and lovable. One day there was 4 
rap at her door. The goddess remained comfortably seated, 
thinking, “Let them knock again.’”’ But nothing more was 
heard, instead the caller descended the stairs. The goddess 
became curious and wanted to see who the person might be 
that did not care whether he was let in or not. She ran t®the 
window and peeped out. ‘‘Ah,’’ said she to herself, “‘it is that 
rascal Wohler. Well, it serves him right, he might have shown 
himself more eager, and he would have been let in. The old 
rogue, he did not even glance at the window when he left.” 
After some days there was again a rap at the door, and this time 
the rapping went on and on. At last the goddess went hersel/ 
and opened the door. Sefstrém entered, and from that en- 
counter was born Vanadium. 


This quotation clearly illustrates the close relation- 
ship between Berzelius and his pupils and may well 
serve as a conclusion to this brief survey of the dis 
covery of vanadium, the man behind the deed, and the 
subsequent fate of the new metal. 





4 A by-name of the goddess Frigg. 
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THE IG-NOBLE PRIZE 


GRADUATE chemistry students at the Illinois Institute of Technology must watch 
their test tubes and condensers lest they blunder into winning the weekly “‘salute 


to sloppy chemists.” 


For a conspicuous slip of test tube technique, any graduate student in the depart- 
7 ‘ > 2 
ment may qualify as ‘‘an outstanding contributor to the retrogression of the science 


of science.” 


Students recently cited for lack of achievement in the laboratory have attained 


recognition through devious means. 
timer with the switch off. 


For instance, one scholarly chemist ran the 
Another demolished a gas buret with his bare hands, 


while a fellow lab man discovered the failure of mercury thermometers at ex- 


tremely high temperature. 


Others have learned the tragedy of substituting fly- 


wheels for pinch clamps or for submitting conclusions before converting thermom- 


eter scales. 


To urge candidates for master’s and doctor’s degrees to a more careful coddling of 
complex chemistry gear, students themselves have authorized a public spanking 


for careless classmates. 


The official whipping consists of a student presentation of 


two 4-inch glass-coupled tubes, resembling something out of an alchemist’s secret 


cupboard. 


It is appropriately dubbed ‘‘The Ig-Noble Prize.” 
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MASSACHUSETTS 


Ix CONNECTION with the informative series of articles 
and symposia which have appeared during the last few 
vears in THIS JOURNAL (See, e. g., 1-4, 7, 10-12) dealing 
with methods of instruction and research activities in 
the different fields of chemistry at various institutions, 
the following account of the program of graduate study 
and research in inorganic chemistry at the Mas- 
sachusetts Institute of Technology may be of interest. 

In 1930 Professor F. G. Keyes, then Chairman of the 
Department of Chemistry at the Massachusetts In- 
stitute of Technology, authorized the allocation of 
space and funds for the establishment of a Research 
Laboratory of Inorganic Chemistry, which was to 
operate jointly with the Research Laboratories of 
Organic and of Physical Chemistry and whose function 
it was to facilitate and encourage investigation in the 
field of inorganic research, which had been somewhat 
neglected in recent times. The Massachusetts In- 
stitute of Technology was thus one of the first institu- 
tions to recognize the need of bringing attention to the 
desirability of fostering research in this oldest branch of 
chemical science. 

In the intervening twenty years the program of 
graduate training in inorganic chemistry leading to the 
doctor’s degree in this field has continued unbroken, 
and about 140 publications have resulted from the 
activities of the group of staff and students engaged in 
this work. Some 54 Ph.D. or D.Sc. degrees have been 
awarded during this score of years, together with a small 
number of Master’s degrees. 

In the last few years increased interest in the field of 
nuclear chemistry, or radiochemistry, has resulted in 
the consolidation with the inorganic group of several 
staff members and their students engaged in the study 
of nuclear phenomena. A curriculum of courses and a 
list of other requirements for the doctorate have been 
worked out whereby those engaged in either aspect of 
the joint inorganic and nuclear field of interest attend 
classes, seminars, and research conferences held in 
common, and pass the same major examinations and 
meet other requirements for the degree in a similar 
fashion. 

The course of graduate study contains an introduc- 
tory review of inorganic chemistry at a level more 
advanced than that found in the usual undergraduate 
courses in this subject. Emphasis is on generalization 
of the vast amount of factual material which confronts 
the neophyte in this branch of chemistry. The struc- 
tural aspects of the subject are properly given consider- 
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GRADUATE INORGANIC CHEMISTRY AT THE 


INSTITUTE OF TECHNOLOGY 


WALTER C. SCHUMB 


Massachusetts Institute of Technology, Cambridge, 
Massachusetts 


able attention as revealed by the expanding knowledge 
acquired in recent years through the application of X- 
ray and electron diffraction techniques and the inter- 
pretation of the data furnished by infrared and Raman 
spectroscopy. The reference books used _ include, 
among others, Ephraim (5), Hiickel (6), Sidgwick (9), 
and Wells (73). 

A course in advanced structural chemistry is also 
provided, which treats of the interatomic forces which 
lead to the formation of molecular aggregates, including 
one-, two-, and three-electron bonds and multiple 
bonds; hydrogen and metallic bonds; van der Waals 
forces; resonance; ionic character and electronega- 
tivity; and other topics, based largely upon the de- 
velopment of these ideas presented by Pauling (8). 
Methods of determining molecular structure and the 
interpretation of chemical properties in terms of struc- 
tural considerations are also discussed. 

Advanced inorganic laboratory practice is provided 
early in the graduate student’s program, wherein a 
choice is given in the repetition of some published 
piece of inorganic research selected from a list of 
suitable journal articles or other sources. In this 
course practice is acquired, for example, in the manip- 
ulation of closed systems under high vacuum condi- 
tions; in reactions carried out in nonaqueous solvents, 
such as liquid ammonia; and in operations at both 
high and at low temperatures. The synthesis of com- 
pounds of the less familiar elements not only provides a 
familiarity with the chemistry of these elements but 
also, by proper selection of the assigned problem, fur- 
nishes valuable training in laboratory procedure and 
practice, which proves to be of value when the student 
undertakes his own doctor’s thesis. 

An introduction to the techniques of preparation and 
measurement of the radioactive elements is provided by 
a course in radiochemistry, which may be taken to- 
gether with, or independent of, a laboratory course in 
the same field. The laboratory work covers such 
topics as radiochemical analysis, the fission process, 
and a variety of nuclear reactions. 

One of the subjects included in the list of graduate 
courses required for inorganic majors, which has proved 
to be most profitable, is a course entitled ‘Special 
Topics in Inorganic Chemistry,” which is offered in 
alternate semesters with a journal meeting or seminar in 
inorganic chemistry. In the special topics course 
for the first five weeks, members of the staff and invited 
guest speakers from other departments or other in- 
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stitutions give a series of talks. General discussion by 
the students and staff members attending is encouraged. 
The subjects to be discussed are posted in advance and 
a brief summary or outline of the talk is distributed by 
the speaker in mimeographed form at the time of his 
lecture. The necessity for note taking is thereby re- 
duced to a minimum, with more opportunity for listen- 
ing and for questioning. For the rest of the term the 
students registered for the course take turns at pre- 
senting an account of an approved topic. Occasionally, 
half a period may be devoted to a talk delivered in 
French or German, an outline of which has been pro- 
vided prior to the talk. The program of this course is 
varied from year to year, as, of course, is the content of 
the journal meeting or seminar. The latter course is 
limited to one class hour per week and the topics pre- 
sented are in general of somewhat smaller scope than 
those offered in the special topics course. 

After one or more terms in residence the candidate is 
required to pass a written qualifying examination 
consisting of three parts: inorganic and analytical, 
organic, and physical chemistry. This examination is 
posed at the level corresponding to the middle of the 
senior year of the M.I.T. undergraduate curriculum 
in chemistry but is not based solely on the content of 
the courses as offered at this Institute. 

Research is begun by the student usually after a 
term in residence. He is encouraged to look about the 
laboratories, to talk with the various instructors who 
may act as his supervisor, and thereby to make a more 
intelligent choice of a subject for his experimental 
problem than might otherwise be possible. 

After he has selected his supervisor and a topic for 
investigation, a committee of at least five members is 
named, consisting of staff members selected from his 
own field of research as well as from the other three 
fields (physical, organic, and analytical) the function of 
which is to provide a critical evaluation of the candi- 
date’s performance in research from the respective 
points of view of the several committee members. 
This committee system of supervision has proved to be 
of definite merit and has justified the time which is 
necessarily required for its proper functioning. The 
conduct of the final examination on the candidate’s 
thesis and the decision regarding its acceptance for the 
degree are placed in the hands of the thesis committee. 

The research program in inorganic chemistry is of a 
diversified character, the widest latitude being given 
in the choice of a problem, so long as it possesses rele- 
vance to the inorganic field and offers the possibility 
of a significant contribution to the chemical literature. 
The isolation and study of numerous inorganic com- 
pounds, often of the less familiar elements, and the 
elaboration of the chemistry of some of the commoner 
elements have both received attention among the 
subjects of investigation. The preparative side of this 
branch of the science has been stressed from the 
beginning, as it was felt that the primary function of 
the inorganic chemist is the study of the best methods 
of preparation of substances in a reasonably pure state. 
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Until the last few years the analytical aspects ¢ 
inorganic research were included in the research pp. 
gram of this field, since nearly every problem in prepan. 
tive chemistry involves in one way or another the corrob. 
orative evidence of analytical chemistry in establishing 
the conclusions sought in the solution of the problem, 
At the present time a separate curriculum and degre 
in analytical chemistry are offered for those who desir 
to specialize in this branch of chemistry. 

In the construction of apparatus needed for the stv. 
dent’s research, he has the facilities of the Depart. 
ment’s shops and glass blower at his disposal for the 
more difficult operations; but he is encouraged to per- 
form for himself as much of this construction as his 
capabilities permit with the aid of the laboratory’ 
supply of tools and equipment. Throughout his train. 
ing the accent is upon the development of the student's 
self-reliance, initiative, and originality. 

A few of the subjects of investigation with which the 
inorganic group is currently engaged include: the 
lower valence compounds of niobium; the Walden 
inversion of complex cobalt compounds; the prepam- 
tion and properties of volatile fluorides in Groups IV, 
V, and VI; and the stabilization of hydrogen peroxide 
solutions. 

In addition to research in the nuclear field, which has 
been described elsewhere (4), a number of inorganic 
doctorate theses have been carried out with joint par 
ticipation in the supervision of the problems by men- 
bers of other departments, such as metallurgy, physics, 
or electrical engineering. This liason of research pro- 
grams in the borderlands between the sciences has 
proved to be a source of interest and stimulation to the 
students engaged therein. 

With the generally recognized increased importance 
of inorganic research since the last World War, the de 
mand for trained graduates in this field has increased 
and at the present time the supply of suitable inorganic 
Ph.D.’s falls considerably short of the demand. 
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. THE USE OF UNWEIGHED IRON WIRE AS A PRIMARY STANDARD 


Tue use of weighed portions of iron wire as a pri- 
mary standard for the standardization of potassium 
permanganate and other oxidizing agents may be found 
in practically any elementary textbook of quantitative 
analysis. The authors of this paper, while working 
with samples of iron wire, were surprised to find that 
the diameter of the wire was extremely constant. This 
finding suggested the use of measured lengths of wire 
in place of weighed amounts as a primary standard. 

A very simple method was devised for cutting the 
iron wire. A Hoffmann screw clamp was attached to 
one end of a meter stick and the wire held firmly 
by means of the clamp. The wire was then stretched 
to the desired length and cut by scissors. The samples 
were then rolled in a small coil and weighed; 

Table 1 shows the agreement in weights and analysis 
of different lengths of wire, 9 mils in diameter. The 
results of the analysis for iron content of the different 
samples are included in the table to show the constancy 
of purity of the particular spool of iron wire used for 
these experiments. 











TABLE 1 
Analysis of Measured Lengths of Cut Iron Wire 
Length, Weight, 
cm. q. Fe, % 
50 0.1586 99 .66 
50 0.1589 99.45 
100 0.3170 99.55 
100 0.3172 99.31 
75 0.2380 99 .34 
75 0.2380 99.45 
75 0.2382 99 .34 
75 0.2379 99.25 
75 0.2382 99.18 


Average 99.34% + 00.11 





To show further the agreement between length and 
weight of the cut iron wire four different 75-cm. lengths 
Were cut and weighed by three persons at different 
times. 

Six samples of iron wire 14 mils in diameter were also 
cut in 5-cm. lengths and weighed. Even with such 


MICHAEL CEFOLA, MALCOLM J. ROGERS, and 
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TABLE 2 
Results of Weighing 75-cm. Lengths of Iron Wire Cut by 
Three Individuals 
A B 6 
Weight, g. Weight, g. Weight, g. 
0.2381 0.2383 0.2381 
0.2380 0.2380 0.2380 
0.2381 0.2380 0.2382 
0.2383 0.2382 0.2381 





0.2381 Average 0.2381 Average 
Average deviation, 0.43 part per thousand. 


0.2381 Average 





short lengths of wire the precision of the weighings was 
still within acceptable limits for many types of quan- 
titative work. 











TABLE 3 
Results of Weighing Six 5-cm. Lengths of 14-mils Iron 
Wire 
Weight, g. Weight, g. 
0.0389 0.0389 
0.0390 0.0388 
0.0387 0.0387 


Average deviation, 2.6 parts per thousand. 





Experimental results have shown the feasibility of 
preparing iron standards from iron wire by cutting de- 
sired lengths after initially determining the assay or 
the density. If the iron wire is sufficiently pure, as 
shown by the manufacturer’s assay, only one weighing 
is necessary to establish the relation between the lengths 
to be cut thereafter to obtain known standards. This 
has the obvious advantage of eliminating time-con- 
suming weighings as well as titrations. Where time is 
a factor this method should have very practical use. 
Weighings and titrations could be abolished completely 
if information as to the exact assay, density, and diam- 
eter were given by the manufacturer. 
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* THE PLACE OF THE SCIENTIFIC METHOD IN 
THE FIRST COURSE IN CHEMISTRY’ 


T ue extensive analysis of college curricula and course 
content in recent years has focused a great deal of at- 
tention on the obligation of science teachers toward the 
student who does not anticipate a career in science. 
This priming of the pedagogic pump has produced a 
type of course the avowed purpose of which, to borrow 
Conant’s phrase, is to develop an awareness of the 
“tactics and strategy of science.”* The almost in- 
evitable consequence of this emphasis has been to point 
the course content toward learning about science and to 
relegate the less intriguing, philosophically mundane 
factual information to a secondary position. Generally 
speaking, such a course is not taken by the student who 
expects to enroll in advanced science courses. He 
rather takes the more traditional course which may well 
be designated as his first course toward a Ph.D. in 
chemistry. This conference is concerned with the 
problems of teaching this future member of the chem- 
ical profession. It is the purpose of the present dis- 
cussion to focus attention on the problem of helping 
him to see with equal clarity the development of the 
“tactics and strategy of science.’”’ It is a problem 
which cannot be solved by sacrificing large amounts of 
the necessary factual information usually included in 
the first chemistry course. 

An apt subtitle for this discussion is: ‘‘Let’s Put the 
Horse Before the Cart.”” The ‘“‘horse”’ is an awareness 
of that habit of thinking, the modus operandi of the 
practicing scientist glorified by the term, “‘the scientific 
method.” The “cart” is the informational content of 
the first course in chemistry, either high school or 
college. The twisting of the familiar cliché implies 
that the “horse” is not always where he belongs; 
the “cart’’ then loses mobility and bogs down under the 
weight of an ever-increasing load of chemical facts. 
The pedagogic puzzle in this situation arises from the 
rate at which scientific progress disco. ers new facts. 
The “natural philosophy” courses of two generations 
ago have been replaced by a variety of scientific special- 
ties. Teachers are forced to present and students to 
assimilate so much chemical information that there is 
no time for formal philosophical or historical lectures. 


WHAT SHOULD THE FIRST COURSE ACCOMPLISH? 


To call this course a first course toward a Ph.D. in 





1 Presented before the Conference on the Teaching of Chem- 
istry at Michigan State College, August 22-25, 1950. 

2 Conant, JAMES B., “On Understanding Science,” Yale 
University Press, New Haven, Connecticut, 1947, p. 1. 


WILLIAM F. KIEFFER 
The College of Wooster, Wooster, Ohio 


chemistry is neither a condemnation nor an hallucing- 
tion. The singleness of purpose does not imply ar 
elimination of its cultural value either for the eventual 
Ph.D. or for the student for whom it is the only ex- 
posure to science. Just as the introduction to a lan- 
guage is crucial to its mastery, it is of equal importance 
that the first course in chemistry supply the embryonic 
chemist with an ample vocabulary of chemical facts and 
grammar of chemical theory to make him sufficiently 
literate for later courses in the science. It is equally 
important that such a student should not be left to his 
own devices to discover what the methods of science 
are. The beginning course for the Ph.D. should de- 
velop in him an awareness of the scientific method and 
its power. He should be helped to recognize how the 
collective efforts of scientists throughout the ages de- 
veloped it. Moreover, his familiarity with it must ex- 
ceed an historical perspective. He must recognize it 
when he sees it applied to mid-twentieth century 
chemical problems. He should habitually use it as a 
method of attack on his own chemical problems and 
look to it as at least one line of attack on all his prob- 
lems. Eventually it should be hoped that his apprecia- 
tion of it would approach a maturity which would let 
him see its limitations and possibly the boundaries 
which experience as well as philosophical logic places 
upon its applicability. 

How then is this appreciation of the scientific method 
to be achieved? It certainly requires a recognition of 
its importance by the teacher. He must not rush from 
what Barzun® bitingly describes as his “‘Ivory Lab” to 
an equally “Ivory Classroom.’’ Covering ground 
must not be done at such a rate that perspective is 
lost. He probably gets little assistance from the 
student’s text. Of eight recent newly written or re- 
vised college texts for the first course, bulkily averaging 
700 pages of material, only one allotted more than a 
few brief paragraphs to a treatment of the scientific 
method. Nor is it sufficient to present a stepwise out- 
line of the scientific method in the initial “bull-session” 
lecture before serious work has begun and then never to 
mention it again. If the student is to recognize and 
appreciate the scientific habit of mind he must never be 
allowed to take it for granted. He should subtly but 
constantly be made aware of its illustration by the 
whole of the course content. This implies that the 
teacher should be ready with a sentence or two of 





3 Barzun, Jacques, ‘The Teacher in America,” Little Brown 
& Co., Boston, 1945, Chap. 7. 
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timely comment to emphasize the relationship between 
a specific fact and the method of investigation which 
has led to its discovery. The point of view of the 
course should be one in which the “horse’’ is where he 
belongs, in front of the ‘‘cart.” The following sug- 
gestions are aimed at pointing out some of the nuances 
which can be established in the fact-full course without 
spending undue time on “history” and “philosophy.” 


PRECISION IN THE USE OF LANGUAGE 


The first emphasis which a student should recognize 
as typical of the methods of physical science is the in- 
sistence on precision in the use of language. This is a 
technique which must be adopted by the student him- 
self before he possibly can be successful at learning 
science. The beginning student must learn immediately 
to say What he means. Drastic downgrading should 
follow his saying ‘“‘mix’”” when he means “react” or 
“element” when he means ‘‘pure substance.”’ In the 
same manner that high-school chemistry often con- 
stitutes a student’s first applied mathematics it also 
often represents his initial experience with the precision 
of technical language. 

Another equally important primary consideration is 
for the student to realize the care with which the physi- 
cal scientist defines the concepts to which he assigns 
convenient terms. ‘‘Atom’’ and “‘molecule’’ are un- 
equivocal terms and have a very real meaning. Us- 
ually the student fails to realize that they have been 
invented by the scientist as an “‘idea vocabulary”’ for his 
theories. They are what Northrop? calls ‘‘concepts by 
postulation.”’ Their usefulness in correlating the vast 
amount of observation which scientists make depends 
upon the precision with which the postulates have been 
constructed. Photographs only recently taken by the 
electron microscope have begun to reveal visual evi- 
dence of molecules. Nevertheless, ‘‘molecule,” in- 
vented to make theory consistent with chemists’ labora- 
tory observations, has been in prolific use for more than 
acentury and a half. It comes as no surprise that it is 
beginning to be possible to ‘‘see’’ them. 


DEFINITION OF CONCEPTS 


A second primary consideration should be to help 
the student early in the course to make his own defini- 
tions of science and the scientific method as a back- 
ground against which the course content can unfold. 
The following may serve as suggestions. Conant 
emphasizes the dynamic aspect of science by com- 
menting: ‘Science emerges from the other progressive 
activities of man to the extent that new concepts arise 
from experiments and observations, and the new con- 
cepts in turn lead to further experiments and observa- 
tions.” The homelier definitions: ‘‘. . .deduction and 
induction playing leapfrog” or “. . .a club sandwich 
of hypothesis and experiment”? say the same thing. 





‘ Norrurop, F. S. C., “The Logic of the Sciences and Hu- 
manities,”” The Macmillan Co., New York, 1947, p. 139. 
®> Conant, JAMEs B., op. cit., p. 24. 
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Einstein’s® philosophical polysyllables awe a bit at 
first, but stimulate thought: ‘‘Science is the attempt to 
make the chaotic diversity of our sense experience cor- 
respond to a logically uniform system of thought. In 
this system single experiences must be correlated with 
the theoretic structure in such a way that the resulting 
coordination is unique and convincing.” Many a 
beginning student’s coordination lacks little in 
uniqueness; yet he must learn to make it convincing. 
It is likewise a help to the student to have a stepwise 
outline of the scientific method for a pattern. Such 
should be presented only with illustrative comment to 
emphasize its flexibility and adaptability. As the course 
proceeds, reference back to such an outline can be very 
meaningful. After a problem is recognized (Step 1) 
the observation of data is begun (Step 2). The ob- 
servation may or may not be made more efficient by 
some directive hypothesis (a guess as to ‘““Why?’). 
Quite frequently a scientist turns up a law from his 
data (Step 3). Students should appreciate that a law 
is an efficient, or possibly lazy man’s tool. It relieves 
him from having to make burdensome experiment, 
especially if the law is quantitative. It is merely a 
statement of the way in which nature operates. The 
lazy intellect is content at this stage; the scientific 
mind immediately seeks an explanation of why nature 
operates so. His hypothesis (Step 4) usually involves 
some invented concepts which can be verified only by 
recourse to further experimentation, often outside the 
realm covered by his previously discovered law (Step 5). 
Frequently this thorough scrubbing of an hypothesis 
by experiment wears it away or exposes such defects 
that it is useless. If it outlasts such treatment or, as 
may be the case, it actually grows in stature it receives 
the compliment of being called a theory (Step 6). It 
should not be overlooked that the scientist invariably 
reserves the right to revoke such a designation. He 
may modify the theory on the basis of new evidence or 
he may discard it entirely. Such discarding starts the 
quest again, possibly with the previously discovered 
law which has not been invalidated by the unsuccessful 
attempt at explanation. 


ORDER OF PRESENTATION 


A third concern of the teacher should be to give 
careful attention to the order in which the factual in- 
formation of the course is presented. This is not to say 
that the organization should strictly conform to the 
chronology of chemical history. It means rather that 
the student should be allowed to make some of the 
same analyses of the information which resulted in the 
conclusions reached by the early investigators. A 
probable consequence will be that what appears in- 
cidentally to be history actually will be much more 
meaningful than mere chronology. In general it 
should be observed that laws came before theories. It 
is a mistake for the student to read seven carefully 
listed statements embodying Dalton’s Atomic Theory 





6 EINSTEIN, ALBERT, Science, 91, 487 (1940). 
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and then to have the text suggest, ““Let us now turn 
our attention to the evidence.”” Such a procedure com- 
pletely by-passes for the student any opportunity to 
duplicate in his own thinking the asking of the crucial 
“Why?” It also seems only right that the beginning 
student should be given the benefit of seeing simple 
weight ratios evolve into the Law of Definite Propor- 
tions. To introduce this concept by the illustration, 
“18.016 grams of water contain 16.000 grams of oxygen 
plus 2.016 grams of hydrogen,” immediately causes him 
to be suspicious of the peculiar choice of numbers. 
He either expects something very complicated to 
emerge from such obviously trumped-up figures, or 
else he keeps waiting for the teacher to reach back into 
the hat for another rabbit. It will be some time before 
atomic weights will be more than magical numbers 
chosen to give the right answer for the student who uses 
them to begin his study of chemical combination. 
Another misordering of information often occurs in 
the teaching of the ionization concept. The evidence: 
abnormal colligative properties, the phenomenon of 
electrolytic conduction, Faraday’s Laws, instantaneous 
reactions in aqueous solution, etc., should suggestively 
challenge the student to frame his own explanation. 
To present the Arrhenius Theory first allows the stu- 
dent to look upon ‘‘dissocation” as the phenomenon, 
instead of letting him recognize it as an idea introduced 
to explain the observed phenomena. Later the “ion 
atmosphere” of the Debye-Hiickel Theory appears to 
him to be a contradictory phenomenon. He loses sight 
of the fact that it is rather a postulate of a different 
theory, based on additional, not contradictory evidence. 
This concern with order in the course content is 
particularly important in the alignment of laboratory 
and classroom work. It is an insult to the label 
“science laboratory” to make it possible for an effi- 
cient, forward-looking student to enter the laboratory 
with all the questions in the manual answered out of the 
text or as a consequence of classroom discussion. 
Allowance must be made at least occasionally for the 
apparent inefficiency of real experimentation in an un- 
explored area. All who have engaged in research 
know how much time is spent on the wrong track. 
The appreciation of this is denied the beginning scien- 
tist who is forced rigidly along a prescribed path to a 
solution in two or three hours time. Chemistry is 
fortunate in being able to emphasize the problem aspect 
of experimentation by the use of “unknowns.” How- 
ever, many of the traditional experiments, upon critical 
examination, turn out to be mere manipulation toward a 
foregone conclusion. For example, the verification of 
Charles’ Law in the elementary laboratory is really 
rather farcical, especially if it is scheduled after the 
topic has been discussed in class. The student knows 
the law. Likewise he knows that experiments with 
much more accurate equipment than that available for 
his own use have verified it. If, however, the problem 
is given him of determining the absolute zero of tem- 
perature, he is immediately forced to begin some truly 
scientific thinking. Even though he may anticipate 


JOURNAL OF CHEMICAL EDUCATION 


that the manipulations will be the same as for the 
Charles’ Law verification, the required analysis of his 
data is likely to be a fresh experience. 


PRESENT-DAY PROBLEMS 


A fourth suggestion is that the teacher choose ap. 
propriate subject matter so that some emphasis can be 
placed on the working of the scientific method toward 
the solution of current chemical problems. This view 
has been stated most ably by Professor Hildebrand’: 
“The story of a scientific idea is far more exciting if it 
leads up to the present, into explorations still going 
on....” The attainment of an historical perspective 
does not mean that the student needs only to stand with 
Lavoisier and look backward to the first inquisitive 
man. It must include the realization that science’ 
current solutions to nature’s puzzles are provisional at 
best. An example can be drawn from the whole at- 
tack on the problem of the chemical nature of matter. 
More than half a century of experimentation based on 
Dalton’s Atomic Theory made possible Mendeleev’s 
Periodic Law. This powerful generalization, along 
with the cases in which nature refused to conform 
(Co and Ni, Te and I), virtually demanded some ex- 
planation in terms of the structure of the atom. 
Physics supplied both the concepts and the techniques 
which eventually led to Rutherford’s and _ Bohr’s 
giving the chemist a theoretical ‘working model” of 
the atom. A/though this is a far better hypothesis than 
was the phlogiston explanation of burning, yet it 
similarly has had to be modified in the light of more 
recent information. It may be said that chemistry 
now finds itself at a stage in the investigation where a 
veritable coalescence of theories isimminent. ‘“‘Chemi- 
cal’ and “physical”? properties of matter are losing 
their distinction as both find explanation in terms of 
chemical geometry, size, electron distribution, nuclear 
constitution, etc. The usefulness of the setheoretical 
generalizations will be tested just as have all the others 
of ages past. They must predict as well as correlate 
and broaden our understanding of the same puzzles of 
nature which received a partial solution with Dalton’s 
early nineteenth century theory. It might be noted in 
passing that the prerogative to guess wrong has not 
been confined to the early investigators. Their mis- 
takes always seem obvious to the 1950 student, provided 
as he is with so much more modern data. He should be 
reminded, for instance, that only in the last few years 
has the reclassifying of the elements of highest atomic 
number into an actinide series corrected a mistake 
which still adorns many chemistry classroom walls in 
the form of the pre-1947 periodic tables. 

In addition to the psychological advantage of active 
student interest in present-day chemical developments 
there is also a point to be made for the pedagogic effi- 
ciency of choosing such illustrative information. 
Among the many examples of this, the story of Nylon’s 
development demonstrates how one set of facts can 
serve a multiple purpose. It can be used to introduce 


7 HILDEBRAND, J. H., J. Cue. Epvc., 26, 450 (1949). 
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r the — the beginning student to the topic of esterification, the CONCLUSION 

of his & analogous amide formation, condensation polymeriza- It is obvious that space does not allow the extending 
tion, and the peptide linkage typical of protein struc- of this list of suggestions to include all of the pertinent 
ture. It need not be presented as a complicated bit of emphases which are part of any attempt to establish a 
chemical magic but as a straightforward series of ex- full recognition of how the scientific method operates. 

e ap- — perimental attempts to follow what are basically It is hoped, however, that those presented may serve 

an be § “common sense” hypotheses. The student not only to support the analogy that there is a “horse’’ and a 

yward | gains an appreciation of how science operates, albeit “‘cart” aspect to the present fact-full beginning course 

view & with the resources of the du Pont Company at its dis- in chemistry at both the high-school and the college 

‘and’: posal, but he gains confidence in his ability to substitute _ level. The teacher is serving science best when he 

s if it | scientific understanding for nonscientific awe of the keeps the “horse’’ where he belongs, ahead of the 

going § products of present-day technology. “cart,” and helps future chemists to realize it. 
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‘ Hersupere, E. B., Ind. Eng. Chem., Anal. Ed., 8, 312 (1936). 
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DISCOVERIES 


THE GREAT CHANCE DISCOVERIES 


Beginning with one of the greatest discoveries of all 
times, the kindling of fire, chance has paved the way 
for many important stages in chemical history arising 
from fundamental but unexpected discoveries. Per- 
tinent examples are the unrecorded accidental dis- 
covery of fermentation and acetic acid, the raising of 
bread and fermentation by yeast, the production of 
metals by reduction, the preparation of glass, tanning 
and dyeing (with use of alum, vitriols, plant juices, 
ete.), brewing, alcohol distillation, the preparation of 
mineral acids by dry distillation, the propelling power 
or explosive action of combustible mixtures (gun- 
powder), etc., ete. Later (1649), J. R. Glauber found 
that coal can be broken down; that the liquid resulting 
from its dry distillation can be separated into a low- 
and a high-boiling fraction. J. J. Becher discovered 
the ‘‘philosophical light’ (illuminating gas, 1680), 
Michael Faraday discovered benzene in the liquid 
which condensed from illuminating gas when strongly 
cooled (1825), and F. F. Runge found carbolic acid 
and the tar bases by distillation of Glauber’s high- 
boiling tar fractions (1835 ff.). At about this same 
time Friedrich Wohler made his fundamental chance dis- 
covery, the synthesis of urea (1828), and thus in- 
voluntarily furnished the proof that the chemist, with 
his methods and inanimate materials, is able to prepare 
synthetically materials whose production had hitherto 
been supposed to be a special prerogative of living 
organisms. It was Liebig who, from 1837 on, pro- 
phetically predicted that future chemists would be able 
to produce in their laboratories all natural organic sub- 
stances such as ‘‘the brilliant coloring matter of madder 
or beneficial quinine.”” In view of their subsequent 
development, Wéohler’s synthesis and the firm convic- 
tion of Liebig can be regarded as a realization of the 
alchemical goal of the artificial production of gold, 
even though:the latter was concerned with only the 
metals, while this modern advance was on the higher 
plane of mental creativeness, even in the province of 
animate nature. Accordingly, the 18-year old W. H. 
Perkin, who had been thoroughly convinced of the 
feasibility of such predicted chemical syntheses, was 
not afraid to make attempts along these lines and 
discovered by chance a new industrial continent (1856). 
He accidentally produced the dye “mauve” from the 
tar bases and thus took the first steps in the creation 
of the gigantic chemical industry of artificial dyes, 
drugs, ete. Similarly, the enticing picture of chemical 


THE ROLE OF CHANCE IN CHEMICAL 


PAUL WALDEN 
Gammertingen, Tiibingen, Germany 
(Translated by Ralph E. Oesper) 


synthesis led to the accidental discovery of the in. 
portant drug antipyrine by the 24-year-old Ludwig 
Knorr (1883). 

The following instances are selected from the mul- 
titude of discoveries that bear the mark of chance: 
gas adsorption by finely divided charcoal (C. V, 
Scheele, 1773), catalysis by acidic ions (ester-formation, 
Scheele, 1781), saccharification of starch (Kirchhoff, 
1811), selective heterogeneous catalysis {dehydration 
of alcohol by alumina, Deimann, et al., 1795; H. Davy's 
studies of the ignition of combustible gases on a hot 
platinum wire, 1816; Thenard’s discovery of the de. 
composition of hydrogen peroxide by finely divided 
metals, 1818], the discovery of oxygen by Scheele and 
Priestley (1769-74) and its liquefaction by Pictet and 
Cailletet (1877), the anaesthetic action of laughing gas 
by Davy (1799), the phenol antisepsis by J. Liste 
(1867), the soporific sulfonal by E. Baumann (1884), 
and the inorganic ‘‘traces’”’ and the organic “active 
materials”’ of the recent past. 

In the theoretical field, the chance discoveries in- 
clude: isomorphism by E. Mitscherlich (1818), isom- 
erism (Liebig-Wohler, 1822+23), the first heat theory 
by J. R. Mayer (1842), the resolution of racemic 
compounds by L. Pasteur (1848 ff.), the asymmetric 
carbon atom (stereochemistry, J. H. van’t Hoff, A. le 
Bel, 1874), the benzene theory (A. Kekulé, 1865), the 
noble gases (Rayleigh-Ramsay, 1894 ff.), the X-rays 
(W. Réntgen, 1895), the Becquerel rays (1896), the 
fission of uranium (O. Hahn, et al., 1939). 

What now is or should be the attitude of the reflee- 
tive scientist and investigator toward chance? 


HISTORY OF CHANCE IN INVENTIVE ACTIVITY 


The history of chemistry (particularly in the nine 
teenth and twentieth centuries) consists essentially of 4 
description of the hundreds of thousands of successive 
discoveries of new chemical substances, their properties 
and applications. The historical account reports the 
pertinent facts about the materials and their discoverers 
and thus satisfies the practical needs of our contempt 
rary readers. However, every important discovery cal 
be likened to a drama consisting of a series of acts; 
it is also intimately connected with the personality 
the discoverer and presumes an understanding publi. 
This type of historical treatment does not clarify the 
primary element—a psychological-transcendental prob- 
lem complex—namely, the origin of the discovery. 
For the poet, the following rule was formulated by 
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Goethe: ‘““The question where did the poet obtain it 
concerns itself only with the substance, but it enlightens 
no one as to how he achieved his result.’”’ The 
“whence” and the “how” lead to the spiritual-mental 
roots, from which the “‘it’? matures. Discoverer and 
poet usually pass over these questions in silence, either 
because they created the “it”? (7. e., the discovery) 
involuntarily or without accounting for it to them- 
selves, or since they deliberately omitted reporting on 
the previous history, because of a certain reluctance to 
give a public disclosure and analysis of the whole 
mysterious process. An attempt to arrive at even a 
partial clarification of the internal and external factors 
which play a part in such achievements may be of 
value, especially in the present period when so much 
of the world is impoverished and under stress, 7. e@., 
when a large part of humanity is in need of new dis- 
coveries and inventions that may lighten the burden of 
daily life. 

From the standpoint of ethnopsychology it is im- 
portant to note that the Greeks, a mentally eminent 
people, put the intellectual creativeness of man into an 
extrahuman sphere, and ascribed it not merely to the 
influence of superhuman vital forces, but regarded it as 
the direct manifestation of such forces, namely as a 
gift of the Muses. Even Homer entreated the Muses 
to grant him poetic inspiration and factual knowledge 
for the description of his heroes and their heroic voy- 
ages. As goddesses of the arts and sciences the Muses 
occupied a place of high honor in the philosophical 
schools of Pythagoras and Plato, and even Virgil (first 
century A.D.) called on them as dispensers of the knowl- 
edge and understanding of cosmic laws. 

This ancient conception of the transcendental origin 
of human knowledge is documented in the mythological 
figures of Prometheus, Hephaestus, Talos, Daedalus, 
etc., who as Titans and sons of the gods discovered or 
invented fire and fire-making, pottery, the wheel, the 
production of metals, the art of forging, the preparation 
of glass, dyeing, etc., and thus founded our material 
culture. Man as ‘discoverer’ or “inventor” func- 
tioned only as the tool and agent of divine benevolence. 
This special character of inventions and discoveries was 
openly expressed when, for instance, Pythagoras sacri- 
fied one hundred oxen to the gods as propitiation and 
thanks for the law which he discovered. When highly 
talented young men died at an early age it was usual to 
say that “they had fallen as sacrifices to the envy of the 
gods.”’ 

“gyptian-Roman neoplatonist Plotinus de- 
dared: “It is the business of the gods to come to me. 
hot mine to go to the gods.’’ This holds in general for 
accidental discoveries; they must come to us volun- 
tarily. Experience has taught that ‘these gifts of the 
Muses”’ carry an element of singularity, irregularity, 
and irrationality; they lie beyond the range of human 
will and planning, with respect not only to the time 
of their appearance and the kind and number of the 
discoveries but also with respect to the character of the 
discoverer. These factors constitute the element of 
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luck or chance. Accordingly, the Greeks devised the 
goddess Tyche to preside over chance and luck; the 
evolutional reaction of mankind was thought to be 
determined and guided by her interference in human 
affairs. However, the powerful voice of the great 
atomist and atheist Democritus (fifth century B.c.) 
was early raised against such notions. He declared 
that men had created for themselves a delusive picture 
of chance as a cloak to cover their own perplexity, 
even though every event in world affairs is fixed by the 
mechanics of the atoms, their shapes and motions. 
But was not he himself forced to make use of chance 
when he assumed that the deflecting action of an impact 
had produced his chaos from atoms which originally 
vibrated in parallel paths? Centuries later, Immanuel 
Kant baldly characterized this unsupported assumption 
of Democritus as a piece of shamelessness. 

The Middle Ages remained a favorable domain for 
the Greek and Aristotelian natural philosophy, and 
their great advocates looked on research and discovery 
as spiritual actions which occurred in a closer com- 
munion with God. Among these mystics, the monk 
Raymundus Lullus (1235-1315) enjoyed a_ special 
popularity because of his ars magna, which taught that 
all problems in theory and practice could be solved by a 
mechanical automatic thought apparatus. If various 
materials or arbitrarily chosen concepts were repre- 
sented by rings which could be rotated around a com- 
mon axis, then such revolutions could produce the most 
varied combinations of the ideas and perhaps, by mere 
chance, some of these combinations might prove to be 
useful discoveries, in other words we have here a 
speculative ars inventiva. 

The introduction of inductive research in the new era 
was followed by a turning away from the speculative 
method, particularly after Francis Bacon (1561-1626), 
who advocated experimentation and systematization 
of experimental facts as the most reliable foundations 
of science, especially natural science: ‘“There remains 
simple experience, which, if taken as it comes, is called 
accident, if sought for, experiment. But this kind of 
experience is no better than a broom without its band, 
as the saying is, a mere groping, as of men in the dark 
that feel all round them for the chance of finding their 
way, when they had much better wait for daylight, or 
light a candle, and then go.”’ Certainly one of such 
fixed goals was formulated in his expressions: “Scientia 
est potentia’”’ and “might or power brings usefulness.”’ 
By setting up tables for a systematic experimental study 
according to preconceived ideas, he tried to eliminate 
chance and to construct a “technique of invention.” 
But like the Lullian attempt of more than three cen- 
turies earlier, the Baconian effort also remained of no 
significance for experimental study. Conditions seem 
to be different in the theoretical field, when, for ex- 
ample, it is a matter of the synthesizing of concepts. 
The great Laplace (1749-1827) in his turn, commented: 
“The essence of invention lies in bringing together as- 
semblable facts which had previously ‘stood apart.’ ”’ 
In his commemorative address for von Tschirnhaus 
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(the inventor of porcelain) Fontenelle declared to the 
Paris Académie (1709): “A first discoverer finds a 
secret ordinarily by chance, but a second, who searches 
for what the other has found, can hardly find it other 
than by meditation.”” The well-considered search and 
systematic experimentation along a given line which 
has already been laid down is certainly the most suc- 
cessful road to discovery even today; an active imagi- 
nation and combining talent can smooth this path. 

Joseph Priestley (1733-1804), the brilliant dis- 
coverer of new gases, sought, in his own manner, to 
make contacts with ‘‘chance,” without preconceived 
ideas and objectives. He compared his method with 
that of a hunter who, hoping for a good bag, goes out 
into the woods and fields, not knowing where and what 
sort of game he may flush, but he proceeds in good 
spirits and with keen senses. Concerning ‘‘chance”’ 
Priestley wrote: ‘““We owe more to chance, 7. e., philo- 
sophically speaking, to the observation of facts arising 
from unknown causes than to our own scheme of pre- 
conceived theories.” Justus Liebig (1830-72) who had 
many brilliant discoveries to his credit, likewise pro- 
ceeded confidently when he advised: “If one only 
works, he is always sure to make discoveries no matter 
where he starts.”” Therefore ‘“chance’’ is the bringer 
of discoveries. Chance, as an integral element of 
the creative human mind, includes the quality of origi- 
nality and that which acts above or beyond the assumed 
order. ‘‘Necessity and law, on one hand, and chance 
and freedom, on the other, are admittedly opposed, 
but opposites are not mutually exclusive but supple- 
ment each other.”” Thus argued Julius Robert Mayer 
(1814-78), the discoverer of the mechanical equivalence 
of heat. He continued: ‘Two kinds of causes must 
be distinguished, the first in which the causes actually 
correspond to the effects, the others in which the causes 
merely initiate the action.’’ In such latter cases “great 
oaks from little acorns grow.”’ It may now be stated 
that in the field of the great mental creations—not 
only scientific discoveries—chance plays the role of 
the natural “initiator.”” It provides both the most 
suitable circumstances and the most effective combina- 
tions of ideas, but it must be recognized opportunely 
and turned to advantage. 

Chance acts as initiator in the fate of the individual 
as well as in the history of humanity—the historians 
refer to it also as a “good servant.’”’ In the natural 
sciences it functions as the “grand promoteur des 
nouveautés physiques,”’ according to the distinguished 
discoverer J. B. Biot (1774-1862). Certainly, his 
discovery of the optical rotatory power of amorphous 
organic materials (1815 ff.) was accidental. Modern 
atomic physics defines chance as follows: ‘The ac- 
cidental. . .in the sense of the physicist. . .is the incal- 
culable stroke, so to speak the acausal atomic act, 
which through an amplifying effect makes itself evi- 
dent into the macrophysical” (E. Buchwald, 1945). 
Likewise, in the theories of modern science, in the bold 
attempts to solve the most significant problems—as 
once with the ancient Democritus—chance plays the 
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role of a mental rescuer, as for example, in the creation 
of the world through an accidental ‘gigantic explosion 
of matter,” or in the origin of life through a chance firs 
“protein life,” or in the development of species of 
living beings through selection, mutation, and so op, 
In general, chance can be termed the “‘propitious silent 
associate’’ of all great and small “discovery enterprises”: 
it provides, as it were, the signal from an unexplored 
part of the globe in an as yet undeciphered sign lan. 
guage, and it remains for the creative mind of the dis. 
coverer to endow these symbols with meaning and 
value. 


FAVORABLE EXTERNAL CIRCUMSTANCES 


Spiritual concentration and conception require soli- 
tude, seclusion, and withdrawal from the world in order 
to increase in strength and fully mature. This belie 
was widely cultivated in the past by the hermits, the 
secluded religious orders, the meditators, philosopher, 
anchorites, recluses, ascetics, prophets or Shamans, all 
of whom sought a flight into nature and found 4 
spiritual regeneration in “communion with nature.” 
The ancients even located the homes of their gods in the 
quiet and sublimity of nature, and likewise the shrines, 
altars, and temples consecrated to divine worship wer 
deliberately placed in such surroundings. In general, 
from earliest times on, man has tried to escape from the 
tempo of daily life and the turmoil and noise of the world 
by taking flight into the blessed stillness of unspoiled 
nature, so that he might carry out religious rites and 
listen to his own inner voice. 

It was Goethe, who, on his ‘‘flight to Italy,”’ and also 
during his frequent visits to Karlsbad, again and again 
experienced and emphasized the marked promotion oi 
mental productivity, which he ascribed to the intimate 
contact with nature in pleasant strolls early in the 
morning and later in the sunshine, when the senses and 
the soul invite an appreciation of the restful beauties 
of nature. In this connection, it is well to note that 
the great physicist Hermann Helmholtz (1821-94) 
stated that the genesis of “happy and redeeming ideas’ 
requires that the mind must be thoroughly rested, at 
an hour of high bodily freshness and physical well- 
being, say, in the morning shortly after waking froma 
refreshing sleep, or during a walk through open country 
such as the easy ascent over wooded heights in sunny 
weather. Under such circumstances ideas are likely 
to appear suddenly “as though inspired’’ and in al 
clarity. An old German proverb runs: ‘Morgenstunde 
hat Gold im Munde.” The work-glutton Goethe 
valued especially the morning hours that were not ye 
infested with the “‘trifles of the day.”’ 

The counsel of these two intellectual giants can be 
supplemented by the advice of the eminent physical 
chemist J. H. van’t Hoff (1852-1911). In 1904 he 
said concerning the origin of his great creation, sterer 
chemistry: “I will give you a recipe for making dit 
coveries. When I, at that time (1874) was going ove 
the Wislicenus paper, I interrupted my study halfway 
through, to take a walk, and it was under the influene 
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of the fresh air on this walk that the idea of the asym- 
metric carbon atom came to me.”’ 

The inventors of spectrum analysis, R. W. Bunsen 
(1811-99) and his friend Gustav Kirchhoff (1824-87) 
likewise came under this influence of nature. The idea 
of the joint investigation was born during a walk in the 
wooded hills around Heidelberg, under the fresh im- 
pression of a glorious sunset. 

The experience of the Nobel Prize winner, Hans 
Spemann (1869-1941), is also pertinent. In his auto- 
biography this zoologist writes: “I ought always to be 
able to work in the open; the thoughts come and take 
form twice as easily when one has the sky over his 
head and can look into the distance.” He believed 
that “‘a fine mental atmosphere is just as necessary for 
real scientific production as for artistic creation.” 

The recently published (1949) memoirs of the great 
organic chemist, Richard Willstatter (1872-1942) con- 
tains passages of interest to the present discussion. 


The hour of inactivity was important and fruitful. Productive 
idleness is a faculty of chosen individuals. One must have the 
time to wait for “it”? to come into our thoughts, and for some- 
thing to occur to us. The indispensables of living include the 
unusual, the beautiful, and the friendly-cheerful. . .. After 
letting it lie and following a long wait—the puzzle solved itself. 
It solved itself without me, while I was taking my morning bath 
or knotting my tie. Scientific research is not administrative 
work. Kekulé believed that the truth came to him in a dream, 
namely his benzene formula. 


Kekulé’s dramatic description of his vision or dream 
picture is justly famous in the history of the evolution 
of chemical theory. During his stay in London 
(1853-56) he frequently visited a friend who lived 


... at the opposite end of the giant town. We talked of many 
things, but oftenest of our beloved chemistry. One fine summer 
evening, I was returning by the last omnibus, ‘“‘outside”’ as usual, 
through the deserted streets of the metropolis, which are at 
other times so full of life. I fell into a reverie, and lo, the atoms 
were gambolling before my eyes. Whenever, hitherto, these 
diminutive beings had appeared to me, they had always been in 
motion; but up to that time I had never been able to discern 
the nature of their motion. Now, however, I saw how, fre- 
quently, two smaller atoms united to form a pair; how a larger 
ene embraced two smaller ones; how still larger ones kept hold 
of three or even four of the smaller, whilst the whole kept whirling 
ina giddy dance. I saw the larger ones formed a chain, dragging 
the smaller ones after them, but only at the ends of the chain. . . 
The cry of the conductor: ‘Clapham Road” [Kekulé’s stop] 
awakened me from my dreaming, but I spent a part of the night 
in putting on paper at least sketches of these dream forms. 
This was the origin of the Structure Theory [i. e., the theory of 
the quadrivalence of carbon and the linking of carbon atoms 
into chains C,H2,+ 2). 


This discovery was followed some years later (1865) 
by another fundamental discovery: the benzene 
structure. He was then professor at Ghent. One 
evening, in his home, situated on a narrow quiet side- 
street, he was working on his ‘‘Lehrbuch der Chemie.”’ 


-.. but the work did not progress; my thoughts were elsewhere. 
I turned my chair to the fire and dozed. Again the atoms were 
gambolling before my eyes. This time the smaller groups kept 
modestly in the background. My mental eye, rendered more 
acute by repeated visions of the kind, could now distinguish 
larger structures, of manifold conformation: long rows, some- 
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times more closely fitted together; all twining and twisting in 
snake-like motion. But look! What was that? One of the 
snakes had seized hold of its own tail, and the form whirled 
mockingly before my eyes. As if by a flash of lightning, I awoke; 
and this time also I spent the rest of the night working out the 
consequences of the hypothesis. 

These visionary and dreamlike musings are typical 
examples which serve to illustrate the ideational theory 
of Plato, who asserted: ‘“The kingdom of ideas lies in 
the dreams and visions of men, in the axioms of the 
mathematicians and philosophers. . . .”’ 

It should be expressly noted that a mental preparative 
study and a critical subsequent investigation were re- 
quired in all of these cases. Another type of intuition 
and visionary initiation was characterized by Leibnitz: 
“Nothing occurs to me easily. Yet when someone tells 
or shows me something, then something better readily 
comes to my mind.” In contrast, Gauss said of his 
creative activity: “I have my results, but I do not yet 
know how I arrived at them.”’ 


MYSTIC ELEMENTS OF DISCOVERY 


Goethe placed the mental creative act or thought in 
the metaphysical realm, where it was linked with the 
superterrestrial, the spiritual, the incomprehensible, 
in general with the unconscious. ‘All productivity of 
the highest kind, every significant apergu, every dis- 
covery, every great thought, which bears fruit and has 
consequences, is in no-one’s power and is raised above 
everything terrestrial.” In Goethe’s opinionyman is 
merely ‘‘a tool of a higher world government, a vessel 
that has been found worthy of the reception of a divine 
influence.” In the field of artistic creativeness, 
Brahms believed: ‘That, which is generally called 
discovery, 7. e., the thought, the idea, is simply a higher 
inspiration, for which the artist is not responsible, 
which signifies no merit for him.” Likewise, Mahler 
opined that: “The creation and the origin of a work 
are mystical from beginning to end, since unconscious 
to himself, as though by foreign inspiration, one must 
create something, concerning which he later hardly 
comprehends how it came about.’’ Nietzsche, the 
philosopher, characterized the act of inspiration and 
the launching of the creation in other terms: ‘‘Every- 
thing occurs involuntarily to the highest degree but as 
though it occurred in a fury of feeling of being per- 
fectly free, of lack of restraints, of power, of godliness.”’ 
This complex of unknown and uncontrollable circum- 
stances under which the pioneering scientific or artistic 
incubation takes place is what we call chance. Goethe 
said of it: “Foresight sends the chance, man must 
shape it to purpose.” Hence, the mental-spiritual 
creative act, as a generality, stands in a mystical light 
and beyond our sensuous experience. 

J. R. Mayer (vide supra) reported that he got the 
idea, which led to his discovery (1842), while serving as 
ship’s doctor on a long voyage in the Indian Ocean. 
While bleeding the sailors, he noted that the venous 
and arterial bloods were quite similar in color and 
wondered why. ‘Several flashes of thought came to me 
on board ship as we lay off Surabaya. . .where at times 
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I felt inspired, as it were, in a manner such as I cannot 
recall ever experiencing before or after.” His inter- 
preter, A. Mittasch, commented on this: ‘‘In the views 
and creations of the genius one can actually perceive a 
motivation and manifestation emanating from the 
cosmic fields of action, inspiration far transcending the 
competence and power of the earthly spirit.”’ 

Helmholtz likewise speaks—both for science and the 
arts—of the special importance of ‘‘the initial imagina- 
tive thought,” the ‘‘suddenly arising insight”’ which one 
cannot call up by methodical reflective meditation; 
it may be designated as a kind of “divine prompting.”’ 
We are reminded here of what he once told William 
Thomson (Lord Kelvin). In discussing his studies on 
physiological optics, Helmholtz told the astounded 
English scientist: ‘‘. . .since the consequences develop 
not according to the choice of the author but according 
to their own law, I often had the impression that what I 
was putting down was not my own work at all, but I 
seemed to be recording the work of another.” Simi- 
larly, it is reported that Mendeleev (1834-1907) en- 
visioned (1869) his spatial arrangement of the chemical 
elements subconsciously while asleep or dozing. The 
Nobel prize winner, Carl Bosch (1874-1940), noted 
his surprise at learning that: ‘after one has plagued 
himself months and years with a problem, the mind 
subconsciously finds the ultimate relationships over- 
night.”” The French novelist and essayist André 
Gide schooled himself to note the thoughts which came 
to him from the depths of the subconscious in the period 
of half-sleep just before waking, and then to write them 
down immediately. He found that the work derived 
from these contained his clearest and purest ideas and 
reflections. 

Common to all of these statements is the sudden 
springing into action of ‘another I,’’ which, as a double 
superior to the normal “I,”’ seemingly governs the 
creative functions. 


CONCLUDING CONSIDERATIONS 


Now as ever, a systematic search, especially along 
lines previously marked out, remains the most reliable 
path to new discoveries, but ‘‘chance’’ may also be an 
additional aid. However, the discovery of the starting 
point of a new and ramified line of knowledge must be 
attributed in addition to unusual circumstances and 
singular chance occurrences. The external conditions 
discussed previously and the mystic-metaphysical fac- 
tors can be traced back to three considerations: space, 
time, and the personality of the discoverer. All the 
authorities (Goethe, Helmholtz, van’t Hoff, Ostwald, 
Spemann, Willstatter) emphasize the efficacy of the 
vistas and quiet of natural surroundings, the gently 
ascending paths through the woods, the sight of the 
hill tops and coast lines drenched with sunshine. 
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A leisurely stroll 0: resting at ease can put men into a 
state of ‘withdrawal from self and the world,” i. ¢., g 
feeling of pushing aside the needs and cares of daily 
life. It is also generally agreed that the most favorable 
time for the action of these spatial or environmental 
factors is the early morning, particularly the hours 
following refreshing sleep, or the peaceful moments at 
evening and during the night, or in a dream-filled rey- 
erie, a half-waking, half-sleeping state, etc. 

How does man, the recipient, react to these exogenous 
influences? It will be necessary, first of all, to con- 
struct a picture of their possible essential nature, 
This involves chance “‘trace materials’’—influxes from 
the sunny wood, mountain, and sea air, as well as 
direct cosmic radiations. The result may be a mobiliza- 
tion of certain hormones and activation of the central 
nervous system. In ordinary language, the creative- 
clairvoyant state is pictorially characterized as “a 
streaming into us from outside,”’ 7. e., as inspiration, 
influence, insight, zntuition, divination—or because of 
the sudden independent incidence it is customary to 
speak of illumination, as, for example, in the case of 
Kepler, Goethe, Brahms, Mayer, and Helmholtz when 
they make reference to a “divine direction” or “in- 
spiration from on high.”’ 

However, another picture of these mystical-meta- 
physical changes of state appears possible. What is 
this thing, this other “I,”’ which suddenly thinks in us, 
i. €., appears endogenically creative? We are here 
approaching the realm of the unconscious and subcon- 
scious, and no scientific submarine has as yet been able 
to illuminate the depths of this murky ocean. Wilhelm 
Ostwald repeatedly describes the ‘‘delightful sensation 
of uniting with nature or of the dissolution in her,” 
or ‘the remarkable disappearance of the personality,” 
i. €., the conscious sense, when he fled into the stillness 
of nature. Is this consciously controlled spirit elimi- 
nated when we sit dreaming ‘‘without thoughts”; does 
the unconsciously active spirit, with its free mode of 
thinking, then suddenly appear and arrange the avail- 
able factual material into new orderly combinations 
which, as a “flash of thought’’ suddenly make things 
clear to us and bring us back to consciousness? The 
unconscious puts itself into a ‘‘complementary rela- 
tionship” with the conscious. 

A practical consequence of these deductions would be 
to locate scientific research institutes, schools, and to 
house creative investigators close to open country, where 
sunshine, quiet, and natural beauty abound. As we 
have seen, such surroundings are conducive to the re- 
lease of the individual’s mental powers and allow hin, 
as the favored and active member of the creative proc- 
ess, to proceed fully conscious of his responsibility. 
Such a location would also be a profitable site for the 
intellectual and material capital of a people. 
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* EXPERIMENTS WITH CYCLOPENTADIENE 


Tue experiments outlined below serve to illustrate the 
processes of polymerization and depolymerization, the 
Diels-Alder reaction, and the presence of a reactive 
methylene group in cyclopentadiene.2 The experi- 
ments are simple, requiring no expensive or unusual 
equipment or chemicals, and the results are striking 
and convincing demonstrations of the well-defined 
characteristics of the compounds. 

Dicyclopentadiene (dimeric cyclopentadiene) is pres- 
ent in coal tar and is available and inexpensive. At its 
boiling point (170°) it depolymerizes to cyclopentadiene 
(b. p. 41°), which is readily obtained by distillation 
(Experiment 1). Upon storage, cyclopentadiene gradu- 
ally reverts to dicyclopentadiene by dimerization. The 
change can be followed by determining the change in 
specific gravity through a period of some days (sp. gr. 
of monomer: 0.805*°/!°°; of dimer, 0.976*°°) (Experi- 


ment 2). The dimerization is probably a Diels-Alder 
self-condensation which can be reversed by heat: 
H H H 
C C——CH C 
A |\ | ! P oi \H 
HC’ | | | HC | ‘C—cH 
| CH, + C CH — __ JCH: | Tl 
HC | H\ / Cc | C CH 
\ | & yy | ; ‘H Ke Pa 
C H, C C 
H H H, 


Dicyclopentadiene —> 4,7-endomethylene-3a,4,7,7a-tetrahydro- 
indene 


Both compounds are rapidly and extensively poly- 
merized by concentrated sulfuric acid, with blackening 
and evolution of heat (Experiment 3). Cyclopenta- 
diene and dicyclopentadiene are used in manufacture of 
certain commercial resins, in which polymerization is 
probably linear.® 

Cyclopentadiene, as a conjugated diene, readily 
enters into Diels-Alder condensations, of which the 
spontaneous reaction with maleic anhydride is given 
below as an illustrative example (Experiment 4). The 
activity of the methylene hydrogens of cyclopentadiene 
is illustrated by the formation of diphenylfulvene in 
Experiment 5. 

The chemicals required for these experiments are 
dicyclopentadiene, benzophenone, maleic anhydride, 
sodium, and ethanol. 


a 





‘ Present address: Department of Chemistry, Washington and 
Lee University, Lexington, Virginia 


_* The essential chemistry of cyclopentadiene and dicyclopenta- 
diene is given compactly in Ricuter, “The Chemistry of the Car- 
bon Compounds,” Nordeman Publishing Co., New York, 1939, 
Vol. IT, pp. 50, 188. 


* Carmopy, et al., Ind. Eng. Chem., 30, 245 (1938). 


E. C. WAGNER and WILLIAM C. HUNT’ 


University of Pennsylvania, Philadelphia, 
Pennsylvania 


1. Interconversion of Cyclopentadiene and Dicyclo- 


pentadiene 


Apparatus. For the depolymerization and distilla- 
tion use a 250-ml. modified Claisen flask. Through 
the straight main neck introduce a thermometer the bulb 
of which reaches nearly to the bottom of the flask, where 
it will be immersed as far as possible in the boiling liquid. 
Into the side neck, at the head of the Vigreux insert, 
introduce a second thermometer in position for the dis- 
tillation. Support the distillation flask on a perforated 
asbestos board above a burner and connect with the 
flask a water-cooled condenser. Use as receiver a 50- 
ml. Erlenmeyer flask, supported on a funnel stand. 
The receiver need not be weighed. 

To follow the repolymerization of cyclopentadiene to 
dicyclopentadiene there is needed equipment for the 
determination of specific gravities. A Fisher ‘‘Gravi- 
tometer” is the most satisfactory apparatus for the 
purpose, as it requires only small amounts of material 
and is easy and rapid to use. The Becker No. 110 
Chainomatic Specific Gravity Balance, with 2-ml. plum- 
met, is excellent, and by use of a cut-off test tube of 
minimal bore can be used with about 15 ml. of liquid. 
The usual Westphal balance, because of the size of the 
plummet, requires more liquid than will be available in 
this experiment. The use of a pycnometer is not recom- 
mended, owing jointly to its inconvenience, to volatility 
of the monomer, and to the unpleasant odors of the 
hydrocarbons. Since high accuracy is not essential (the 
increase in specific gravity may reach 0.17) a small 
hydrometer, requiring 10 to 15 ml. of liquid to float, and 
calibrated for the range 0.8 to 1.0, may be used if other 
equipment is not at hand. 

Procedure. It is advisable to complete the distilla- 
tion during the early portion of a laboratory period, and 
to start Experiments 2, 3, 4, and 5 during the same 
period, so as to use the cyclopentadiene while repoly- 
merization is trivial. 

Transfer to the distillation flask about 30 ml. of di- 
cyclopentadiene and introduce several boiling chips. 
Heat with a small flame, and note that as distillation 
starts the inside thermometer (bulb in liquid) indicates 
a temperature of about 170° (the boiling temperature 
of dicyclopentadiene), but that the second thermometer 
(bulb in distilling vapor) shows an initial temperature 





4 “Organic Syntheses,”’ John Wiley and Sons, New York, 1941, 
Coll. Vol. I, p. 130, Fig. 9 (a). 

It is interesting to record that the use of a 3-ball Snyder column 
led to unsatisfactory results, the prolonged and repeated heatings 
of condensed liquid about the floating balls leading to partial 
repolymerization within the column. 
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of about 41° (the boiling temperature of cyclopenta- 
diene). Adjust the flame so that distillation is steady 
and at a rate of about 25 drops per minute. At inter- 
vals take readings from both thermometers. The in- 
side temperature will rise slowly to perhaps 176°; the 
temperature of distillation will rise also, but may re- 
main below 50° and should not exceed 65°.5 Stop the 
distillation when the liquid in the distillation flask has 
decreased to about 5 ml. This liquid can be left in the 
flask as part of the next run by another student. Stop- 
per the receiver tightly and keep the hydrocarbon in a 
fairly cool place, to minimize loss by volatilization. 


2. Spontaneous Repolymerization of Cyclopentadiene 


Determine the specific gravity of the freshly distilled 
cyclopentadiene and that of the original dicyclopenta- 
diene and record the values and the temperatures. 
Thereafter determine and record the specific gravity of 
the distillate at intervals of one or two days, until the 
value approaches or equais the specific gravity of the 
dimer (0.976 at 35°). Plot the results: specific gravity 
versus time. The rate of dimerization is of course 
affected by temperature, but if no large fluctuation in 
temperature occurs a smooth curve should be obtained. 


3. Extensive Polymerization of Cyclopentadiene and of 
Dicyclopentadiene by Acid 


(a) Dicyclopentadiene. To one drop of concentrated 
sulfuric acid on a small watch glass add one drop of 
dicyclopentadiene, and stir with a short glass rod. Note 
the darkening and resinification as the hydrocarbon 
polymerizes. 

(b) Cyclopentadiene. Spread a drop of concentrated 
sulfuric acid on a small watch glass, and bring over it 
and close to it the mouth of the (inclined) flask con- 
taining the freshly distilled cyclopentadiene, so that the 
vapor of the hydrocarbon comes into contact with the 
acid. Note that darkening occurs. Then add several 
drops of cyclopentadiene. Polymerization occurs ac- 
tively, with blackening and evolution of heat. 


4. The Diels-Alder Reaction 


Cyclopentadiene and maleic anhydride condense to- 
gether to form 3,6-endomethylene-1,2,3,6-tetrahydro- 
phthalic anhydride. 





H H 
C O C Oo 
| H VA | \H Ve 
HC C—c a“ | co 
| CH + | Yo + || CH] Yo 
HC | ¢—c HC | C—C 
\ HX \I/H ON 
fe Oo C O 
H H 


Procedure.6 Transfer 0.5 g. of maleic anhydride 
(0.005 mol; m. p. 57-60°) to a dry 50-ml. Erlenmeyer 
flask and chill in ice. While chilling and shaking add in 





5 When a 3-ball Snyder column was used, the temperature of 
distillation rose quickly to 115°. 
6 DiELS AND ALDER, Ann., 460, 98 (1928). 
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small portions 1 ml. of freshly distilled cyclopentadiene, 
Reaction is immediate and evolves heat, which may 
cause some of the hydrocarbon to boil off.?. The entire 
mixture solidifies on cooling. To it add 4 ml. of 95 per 
cent ethanol, effect solution by brief warming on g 
water bath (the solution will probably be turbid), and 
filter through a small fluted paper into a second 50-mnl, 
Erlenmeyer flask. Rinse the first flask with 0.5 ml. of 
hot ethanol and use this also to wash the filter. Chill 
the solution in ice and collect the crystals in a Hirsch 
funnel or similar device, using the filtrate to transfer 
remaining crystals to the filter. Wash the product with 
0.5-1 ml. of chilled ethanol. Dry the crystals in air or 
in a desiccator and determine the melting point. The 
yield is about 0.4 g. The pure product melts at 164 
165°; as obtained here it may melt several degrees 
lower. 


5. Preparation of Diphenylfulvene 
CH 


TF AH; NaOC:H; HC=—= CoH 
| CH, + OCK a) ox 
BU=—f5, NH HC—=6y; NCH; 


This condensation illustrates the activation of the 
methylene hydrogens of cyclopentadiene. Diphenyl- 
fulvene, a stable derivative of the hypothetical fulvene 


CH——CH 
>C—=CH, 
| 4 
CH—CH 


has a deep orange color, though it is a hydrocarbon and 
is derived from two colorless compounds. The reason 
for this strong color becomes clear when there is con- 
sidered the high degree to which the unsaturation of the 
molecule is involved in extended conjugation. 
Procedure.’ Dissolve 0.5 g. (0.02 mol) of freshly cut 
sodium in 15 ml. of 95 per cent or absolute ethanol ina 
50-ml. Erlenmeyer flask, while cooling under the tap. 
To this liquid add 3.6 g. (0.02 mol) of benzophenone, 
most of which dissolves. Now introduce 1.6 ml. (1. 
g.; 0.02 mol) of freshly distilled cyclopentadiene, while 
swirling the mixture, and after several minutes warm it 
gently. The mixture develops a deep red color. Chill 
in an ice bath; if this fails to cause separation of solid 
material evaporate some of the alcohol by gentle warm- 
ing and again chill. To assure separation of the prod- 
uct keep the mixture in an ice bath or refrigerator for 
some hours or overnight. Collect the crude product in 
a Biichner funnel, pressing well and drawing the mother 
liquor through as completely as possible. Wash the 
solid with 2 to 3 ml. of chilled alcohol, and dry in the 
air or in a desiccator. The crude diphenylfulvene 
weighs about 3 g. and should melt at about 81° to 82°. 
The appearance of the product is much improved by 
recrystallization from alcohol. For this purpose dis- 
solve it in 20 ml. of hot 95 per cent ethanol, filter hot 


—<— 





7 This procedure is not a good one for preparative purposes, 
since a large excess of cyclopentadiene is specified to compensate 
for the loss by volatilization during the exothermic reaction. 

8 THIELE, Ber., 33, 672 (1900). 
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through a fluted paper (some black tarry material is 
thus removed), and use about 5 ml. more of hot ethanol 
to wash flask and filter paper. Chill the filtered solu- 
tion in ice, collect the crystals in a Biichner funnel, and 
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wash with 5 ml. of chilled ethanol. The product is 
thus obtained as deep orange leaflets; recovery is about 
80 percent. The melting point is 81° to 82°; the m. p. 
of pure diphenylfulvene is 82°. 


o A SLIDE RULE FOR AVERAGING GRADES OR EXPERIMENTAL DATA 


Ix orvER to save time and increase accuracy in aver- 
aging student grades, a circular slide rule of special de- 
sign was found to be very satisfactory. The rule con- 
sists of two concentric movable discs and a hairline 
marker of transparent plastic. The larger of the discs 
carries a perfectly regular scale completely around it, 
numbered from 0 to 100. The smaller disc, which can 
be rotated upon the larger, carries a series of scales of 
angular lengths, '/2, !/3, 1/4, ete., down to '/29 of the 
length of the fixed scale. These scales are marked 2, 3, 
4, etc., up to 20, and are used for averaging 2, 3, 4, etc., 
up to 20 two-digit grades or instrument readings. For 
example, if 35, 60, and 72 are to be averaged, the hair- 
line is set simultaneously at the 100 mark on the out- 
side disc and the zero point of the scale marked 3 (since 
three figures are to be averaged). Then the hairline is 
moved to 35 on the No. 3 scale and held in position by 
pinching the end of the marker and the edge of the large 
disc. The smaller disc is then rotated until the zero 
point of the No. 3 scale is again under the hairline and 
the marker moved to 60 on this scale. The end of the 
marker and edge of the large disc are again pinched and 
the inside dise rotated to that the zero point of the No. 
3scale is again under the hairline and the hairline moved 
to 72 on this same scale. The average of the three 
numbers can now readily be determined on the outside 
scale as 55.6. 1t will be seen that actually one is merely 
stepping off and thereby adding on the large outside 
scale, a third of 35, a third of 60, and a third of 72, and 
the sum is the average of the three. The division by 
three is brought about automatically, since the angu- 
lar length of the No. 3 scale is exactly one-third of the 
length of the large outside scale. If four numbers are 
to be averaged, the No. 4 scale is used, and up to twenty 
figures can be averaged by choice of the appropriate 
scale. In averaging large numbers of figures, the slight 
errors unavoidable in each individual setting tend to 
cancel out so that the final average is not greatly in 
error. In most cases the average calculated by the rule 
is within 0.2 of a unit of the true average. 

If more than twenty figures are to be averaged, as for 
example, in determining a class average, the total num- 
ber of figures can be divided into halves, thirds, or some 
other fraction and the average of each fraction deter- 


DWIGHT FAY MOWERY, JR. 
Trinity College, Hartford, Connecticut 
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Average Calculator 


mined, and then these figures averaged. It is obvious 
that if thirty-seven grades are to be averaged, two 
groups, one containing 18, and the other 19, could be 
averaged separately, and then these two figures aver- 
aged equally on the No. 2 scale, without introducing an 
appreciable error. For weighted averages, for ex- 
ample, of three figures, one weighted 3, the second 2, 
and the third 1, the No. 6 scale is selected and the first 
figure is stepped off three times, the second, twice, and 
the third, once. The rule can be used to average ex- 
perimental data or instrument readings or any other 
figures which differ only in the last two digits. 

This slide rule has been used by the author for the 
past year for averaging student grades, and has been 
estimated to reduce the time involved to less than one- 
half, while decreasing considerably the chance of mak- 
ing serious and embarrassing mistakes. It makes un- 
necessary the copying of grades from grade books for 
addition or division, the only figure which need be 
written down being the final average. 








* THE LANTHANIDE CONTRACTION AS A 


TEACHING AID’ 


Ay BEST only a minute fraction of the enormous bulk 
of recorded chemical facts can be grasped and retained 
by any individual. Perhaps because of this limitation, 
a natural tendency among chemists has been to search 
for means of organizing and classifying these facts. One 
of the most popular devices for this purpose is the peri- 
odie table. The remarkable success of this table stems 
from the fact that it emphasizes the interplay of two 
fundamental properties of the atoms—size and elec- 
tronic structure. The qualitative similarities of the 
elements in the familiar ‘“families’’ or groups of the 
periodic table result predominantly from similarities in 
the outermost electronic structures of their atoms, while 
the variations within a family arise mainly from dif- 
ferences in the sizes of the atoms. In comparing 
properties of ions, an additional important factor—the 
charge—must be considered. Qualitative similarities 








! Presented in part before the Division of Chemical Education 
at the 118th Meeting of the American Chemical Society in Chi- 
cago, Illinois, September 4, 1950. 
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in chemical properties may be anticipated, then, among 
atoms when their sizes and outermost electronic strue- 
tures are similar, and among zons when their sizes, outer- 
most electronic structures, and charges are similar. We 
shall examine in some detail the variations in properties 
accompanying variations in atomic and ionic sizes, 
particularly in that portion of the periodic table in 
which the lanthanide rare earths occur. 


ATOMIC VOLUMES 


A favorite method for graphically depicting the vari- 
ations in size of the atoms of the elements involves 
plotting atomic volume as a function of atomic number. 
In this way the familiar atomic volume curve (Figure 1), 
is obtained. The term “atomic volume”’ is ordinarily 
understood to mean the volume in cubic centimeters oc- 
cupied by one gram atomic weight of the element in 
the solid state. It is caleulated from the formula, 
atomic weight 


Atomic volume = : 
density 
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Inasmuch as all gram atomic weights contain the same (1) The periodic relationship between atomic volume 
4 number of atoms, atomic volumes can be used as quali- and atomic number is strikingly shown. 
tative guides to the relative volumes of the individual (2) The alkali metals, with extraordinarily large 
7 atoms. An atomic volume curve is at best, however, volumes, occupy the maximum points of the curves 
4 only an approximation (/). In calculating atomic while elements near the middle of both the short and 
volumes no allowances are ordinarily made for differ- long periods of the ordinary periodic table (Figure 2) 
= ences in crystal structures of the solids, variations of the have relatively small volumes and occupy the troughs 
J atomic volumes with temperature, differences in atomic of the U-shaped curves. 
aggregation of the elements in the solid state, etc.* (3) The gaseous, volatile, or easily fusible elements lie 
4 Notwithstanding the above inherent deficiencies, the at the peaks or on the rising portions of the U-shaped 
atomic volume curve bears a number of interesting curves, whereas the nonvolatile or difficultly fusible ele- 
7 features (2), some of which are cited below. ments lie either in the troughs or on the descending por- 
J omens ; — tions of the curves. 
* Data for the curve in Figure 1 were obtained from the litera- (4) In atomic volume, as in most other properties, 
J ture or calculated from the best available values for densities. there appears to be less variation from element to ele- 
Dotted lines are used where no values are available as at Te and f pase is Ge ¥ N 
J Pm. No values for hydrogen and helium are plotted. Calcula- ment among the transition metals (Se to Cu, to Ag, 
tions of atomic volumes for the rare earths from densities and and La, Hf to Au) than there is between elements out- 
, atomic weights give abnormally large values for Eu and Yb. side these groups. 
Since there are no corresponding irregularities in ionic radii at (5) The addition of one s electron on top of an inert 
i these points for the tripositive ions of the rare earths, there is aie dni: vansieg tas all Ceamentn te weblion 
some question as to whether the atomic volumes for Eu and Yb 888 § TUCUIS TOMS IM & MASS — — 
J are meaningful as guides to relative atomic sizes. These values (alkali metals). ; 
may be merely reflecting the fact that Eu and Yb crystallize in (6) The addition of a second s electron, however, re- 
J the cubic system as distinct from all the other rare earth metals gylts in a marked decrease in volume (alkaline earth 
95 which crystallize in the hexagonal system (3). Because of this ee 
; : metals). 
uncertainty and in order not to detract from the more important oa — : bshell in tt bailey 
over-all trend within the family, the values for Eu and Yb are (4 ) The filling of a p subshe I in the long wows 8 re- 
omitted from the curve. sults in a steady increase in atomic volume (cf. Cu to Kr, 
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Ag to Xe, and Au to Rn). Except for a slight irregu- 
larity in the first period, the same general tendency 
appears in both short periods. 

(8) Filling a d subshell (transition elements) results 
in general in a decrease in volume until the subshell is 
filled or almost filled. 

(9) Filling an f subshell (rare earths) likewise results 
in a decrease in atomic volume. 

The above facts and trends are significant in inter- 
preting, correlating, and predicting properties of the 
elements. Unfortunately, it is not easy to transfer the 
information contained in the curve as drawn in Figure 1 
to a family or group basis. To be sure, elements of a 
given family occupy approximately corresponding posi- 
tions on the curves and a decided trend can be readily 
followed. For example, it is quite apparent from Figure 
1 that the atomic volumes or sizes of the atoms of the 
alkali family increase from lithium to cesium. How- 
ever, it is much less obvious as to what has happened in 
the case of vanadium, niobium, and tantalum. 

In Figure 3 the atomic volumes for the three long 
periods are plotted in such a manner that the familiar 
families or groups of the periodic table are preserved, 
with one obvious difference—that most of them are 
inverted. The individual values for the rare earth ele- 
ments are omitted but the range in atomic volumes 
covered by the entire family is indicated between lan- 
thanum and hafnium. It is clear, when the data are 
plotted in this fashion, that the decrease in atomic vol- 
ume of the rare earths results in the elements of the 
third long period being practically superimposed upon 
those of the second, starting with the elements zirco- 
nium and hafnium and continuing as far as silver and 
gold. The diminution in volume which begins with 
lanthanum and continues through the rare earths has 
become known as the “lanthanide contraction” (2, 7, 
8, 9). This contraction appears to be related to the 
fact that the successive electrons which are being added 
from cerium to lutetium are not added to a new ex- 
ternal shell, well shielded from the nucleus, but to an 
inner skell which previously had been only partially 
filled. Thus, with an ever-increasing charge on the 
nucleus from 58 to 71 but with no compensating in- 
crease in the distance from the nucleus of the entering 
electrons, the whole electronic system shrinks.* This 
same phenomenon is evidently occurring also in the 
building up of the transition elements (see Figures 1 
and 3). 

The dotted line in Figure 3 represents a hypothetical 
atomic volume curve for the elements of the third long 
period on the assumption that no rare earths intervene 
beween lanthanum and hafnium and the general shape 
of the curve approximates that of the other long periods. 
If this were the actual situation, a more or less uniform 
variation in properties should be expected between any 
two successive members of a given family. However, 





3 An analogous effect has been reported recently (10) in the 
actinide series of rare earths from Ac (atomic number 89) to Am 
(atomic number 95). 
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as a result of the lanthanide contraction it will not be 
surprising to find irregularities or actual reversals of 
trends within a post-rare-earth family between the ele- 
ments of the second and third long periods. Tables 1, 
2, 3, and 4 give the trends for several properties of 
blocks of elements, some of which precede and some of 
which follow the rare earths in the periodic table. 


TRENDS IN PROPERTIES 


In Table 1 a section of the long form of the periodic 
Table (Figure 2) is reproduced with the values for the 
atomic volumes of the elements indicated. Between 
lanthanum and hafnium, of course, the fourteen rare 








TABLE 1 
Atomic Volumes (cc. per gram atom) 

Ca Se Ti V Cr 
26.4 16 10.6 8.55 7.5 
Sr Y Zr Nb Mo 
34.4 18.5 14 11 9.4 
Ba La Hf Ta WwW 
39 22.6 ~14 10.9 9.5 





earth elements are omitted. As already indicated 
graphically in Figure 3, the atomic volumes of the ele- 
ments in the first two columns of Table 1 increase going 
downward. This trend is interrupted in the next 
column at zirconium and hafnium, whose atomic 
volumes are practically identical within experimental 
error, and may be actually reversed at niobium and 
tantalum. At any rate, it is clear that the atomic 
volumes of niobium and tantalum and of molybdenum 
and wolfram are quite similar. 

Table 2 includes the same group of elements as in 
Table 1 and lists the values for their respective densities 
(11, 13). The most striking feature of this table is the 
extraordinarily large values for hafnium, tantalum, and 
wolfram—that is, for those elements following the rare 
earths. This is to be expected, of course, in view of the 
close similarity in atomic volumes of these elements 








TABLE 2 
Densities (g. per cc.) 
Ca Se Ti V Cr 
1.5 2.8 4.5 6 6.9 
Sr < Zr Nb Mo 
2.5 4.8 6.5 8.4 10.2 
Ba La Hf Ta W 
3.5 6.1 12.8 16.6 19.3 





and those directly above them. From the formula for 
atomic volume it follows that if two elements have simi- 
lar values for their atomic volumes the one with the 
greater atomic weight must also have the greater dens- 
ity. The difference in atomic weights between zir- 
conium and hafnium, for instance, is approximately 87 
yet they have almost identical atomic volumes. 

In Table 3 approximate values are given for the ap- 
parent ionic radii (12, 14, 15, 16) of the ions of these 
same elements for the highest charge characteristic of 
their respective groups. Again, the effect of the lan- 
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thanide contraction on the trends in ionic sizes is obvi- 


ous. 

Selected families of elements, some preceding and 
some following the rare earths, are listed in Table 4 
along with the values for their first ionization potentials 
(17). The table reveals that the maximum value for 
this property is reached with the first member of the 
families preceding the rare earths whereas for families 
not too far removed from the rare earths the exact re- 
verse appears to be the case. 


€HEMICAL CONSEQUENCES 


A number of the outstanding chemical consequences 
of the lanthanide contraction can now be summarized. 
Nonuniform and Reversed Trends in Post-Rare- 
Farth Families. In an examination of the properties of 
the elements in the preceding tables, it is not surprising 
that decided differences ap- 
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TABLE 3 
Ionic Radii (Angstrom units) 
Ca +2 Se +3 i Ti +4 V +5 Cr +6 
1.0 0.8 0.65 0.6 0.5 
Srt2 bo Zr*4 Nbts Mot 
i 1.0 oF 0.62 
Bat? La +3 Hf +4 Tats wr 
1.3 1.2 (0.8) 0.72 0.65 
ferences. It would not seem at all unreasonable to pos- 


tulate, for example, that as the result of this omission 
the atomic volume of hafnium should be larger than that 
of lanthanum and much larger than that of zirconium. 
That this is not the case has already been pointed out in 
connection with Table 1. 

ln the event of either a “lanthanide contraction” or a 
‘lanthanide expansion,”’ the trends in properties of 





pear between the elements 
on either side of the rare 
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elements between lantha- Am ca ct ate 
numandhafniumecanhardly Rp Sr Y Mo 
pass unnoticed. What is 4.16 5.67 6.5 7.2 

what surprising, is the Cs Ba La WwW 
a a 3.87 5.19 5.59 8.1 


specific nature of these dif- 


TABLE 4 
First Ionization Potentials (electron volts) 

Fe Ni Cu Zn Ga Ge As 
7.83 7.61 7.68 9.36 5.97 8.09 10.5 

Ru Pd Ag Cd In Sn Sb 
(7.7) 8.3 7.54 8.96 5.76 7.30 8.35 

Os Pt Au Hg Tl Pb Bi 
8.7 8.88 9.19 10.38 6.07 7.38 7.25 
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families containing an element following the rare earths 
are likely to be markedly different from the trends for 
those families all members of which precede the rare 
earths. Thisis clearly indicated for the atomic volumes 
in Table 1, densities of the solid elements in Table 2, 
and ionic radii of similarly charged ions in Table 3. 

Ionization potentials are related to the tightness with 
which outermost electrons are held by atoms and are 
therefore important chemically. The first ionization 
potential refers to the energy necessary to remove the 
most loosely bound electron from the gaseous atom. 
There is, of course, no chemical equivalent of this reac- 
tion but nonetheless the energy involved is significant 
in interpreting properties of atoms. For the families 
preceding the rare earths the usual trend is decreasing 
ionization potential with increasing atomic number 
(Table 4). This is one of the factors which, for exam- 
ple, is responsible for the increase in chemical activity 
and basicity (4, 18) of these elements going downward 
in the families. Unfortunately, reliable values for 
ionization potentials are not available for all the ele- 
ments of families following the rare earths. From the 
data of Table 4, less well-defined trends seem the rule 
among these elements, yet at the same time unex- 
pectedly large values are uniformly indicated for those 
elements in the third long period which follow the rare 
earths. Indeed, these values exceed even those for the 
first members of the respective families. This is one of 
the reasons, for example, why gold is the most noble of 
the copper group elements instead of the most active. 
The enhanced values for the ionization potentials for 
the elements of the third long period may be qualita- 
tively associated with the fact that the atomic sizes of 
the corresponding elements in the second and third long 
periods are approximately the same (Figure 3) whereas 
the nuclear charges of the latter are very much greater 
(Figure 2). This effect seems to be clearly marked as 
far removed from the rare earths as the gallium-indium- 
thallium family of elements. Lead, in the next family, 
has a value greater than tin but less than germanium, 
the first member of the family. In the arsenic-anti- 
mony-bismuth family, the ‘‘normal’’ trend returns. 

Decreasing Basicity of the Rare Earths with Increasing 
Atomic Number. The usual trend among atoms which 
are electronically similar is an increase in basicity (4, 
18) with an increase in atomic number. For example, 
cesium is more basic than lithium and iodine is more 
basic than fluorine. This trend results because with 
increasing atomic number there is normally an increase 
in atomic or ionic size. However, in the rare earth 
series this trend is completely reversed, lanthanum 
being the most basic instead of the least as might be sup- 
posed. In fact, La(OH); appears to be one of the 
strongest hydroxides of any trivalent metal. Due _to 
the regular decrease in ionic size from Lat® (~1.2 A.) 
to Lut? (~1.0 A.), an increase in atomic number 
among these elements is accompanied by a uniform de- 
crease in basicity (5). The slight difference in basicity 
between successive rare earth elements is the basis for 
a number of procedures for separating them (4, 20). 
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Chemical Resemblance of Hafnium to Zirconium. | 
is a remarkable fact that zirconium and hafnium, differ. 
ing in atomic weight by 87 units, are so alike chemically 
that their separation has taxed the ingenuity of analyti. 
cal chemists for years (22). This unexpected likenes 
becomes understandable when the role of the lanthanide 
contraction is considered (23). Chemical reactions of 
atoms and ions depend to only a slight degree on thej 
masses but to a high degree on their electronic make-up 
and charge. Zirconium and hafnium, which are in the 
same group in the periodic table, have similar external 
electronic configurations and, due to the lanthanide 
contraction, their atoms and tetrapositive ions are 4l- 
most identical in size. Thus, the conditions which 
favor similarity have been conferred accidentally upon 
these two elements to a degree not found between any 
other pair in one family but in different periods of the 
periodic table. 

Similarities between Other Pairs of Elements.  Pro- 
nounced similarities between the corresponding ele 
ments of the second and third long periods of the per- 
odic table are in no wise limited to zirconium and hal- 
nium. The effect of the lanthanide contraction is pro- 
jected well beyond these elements, so much so in faet 
that it is common practice among textbook writers and 
teachers to consider niobium and tantalum in Group Y 
and molybdenum and wolfram in Group VI as “nat- 
ural” pairs. Presumably the same relationship should 
exist between technetium and rhenium. 

The striking resemblances of ruthenium to osmium, 
rhodium to iridium, and palladium to platinum ar 
undoubtedly associated with this same phenomenon. 
The horizontal or series relationships in the transition 
elements appear to reach their culmination in the triad 
of Group VIII. As a result of the combined effect of 
the similarities in a horizontal direction among the 
Group VIII elements and the similarities in a perper- 
dicular direction arising as a result of the lanthanide 
contraction, these six so-called platinum metals ar 
usually treated as one group of closely related elements. 
The similarity of iron, cobalt, and nickel to the corre- 
sponding elements in the second long period is distinctly 
less than that between the latter elements and their 
analogues in the third long period. 

While silver and gold resemble one another mor 
than either resembles copper, in general the effect of the 
lanthanide contraction on the properties of the ele 
ments beyond the transition elements is less tangible. 
There is some evidence, however, that this phenomenon 
may be exerting a subtle influence on the properties 0 
elements as far removed as francium (24). 

Rare-Earthlike Properties of Scandium and Yttrium. 
Scandium and yttrium are not, in the strict sense, rare 
earths yet these elements occur in a number of rare 
earth minerals and both, notably yttrium, go along with 
the rare earths in many analytical procedures. In 
fact, one of the common groups into which the rare 
earths are frequently divided for convenience is know! 
as the yttrium-group (6). An insight into this appar 
ent anomaly can be obtained by reference to Figure 3. 
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s CHEMISTRY AS A LIBERAL ART’ 


T nese are the days of the great default in liberal edu- 
cation. It is significant that the chemists are setting 
aside a period at their professional meeting for the dis- 
cussion of liberal education. 1t means that the neigh- 
bors have been called in to consult on an illness at the 
very center of our culture. The victim of the illness 
welcomes the consultation; he has had need of it for a 
long time. Other professional societies have also been 
called in because their help is also needed, but the 
chemists are particularly welcome. If chemists can 
find a way to make their basic contribution te liberal 
teaching, the other neighbors can hope to be effective 
also. Chemistry for half a century has been the worst 
problem in the liberal curriculum. It may not be 
irrelevant to note that this is the period between the 
presidencies of Charles Eliot and James Conant at Har- 
vard. Both men, each in his own way, have helped to 
formulate the problem and to offer solutions. Both 
men, if they were here, would be first to admit that the 
problem is unsolved. 

But before I enter into these difficulties, I want to 
propose an explanation of the default in liberal educa- 
tion. The default itself consists in uncertainty and 
disagreement concerning the aims of liberal teaching. 
Before the days of Charles Eliot it was commonly and 
simply understood that liberal education, education of 
the free man, was essential as the basic training for the 
professions, theology, law, and medicine, for those 
whose careers would be devoted to the public interest. 
Such persons were the leaders in the life of the com- 
munity, and they were therefore a small minority of the 
population. Eliot was concerned that the education of 
this vital minority should not be restricted to the rote 
learning of Greek, Latin, and mathematics to which the 
traditional teaching of the liberal arts had been reduced. 
He was aware that the modern community depended, 
not only for its higher professional functions but also 
for its basic survival, on the new learning to which the 
liberal arts had led, the natural sciences including chem- 
istry. He did not undertake to formulate a new ency- 
clopedia of instruction for the small republic of learning 
of that time, but rather he established a free market in 
ideas and courses, in which the new sciences would have 
equal opportunity and would be equally available to 
students, a fair field and no academic favors. For two 
generations we have been living academically under the 
elective system. To put it mildly, the invisible hand 
that is supposed to guide free markets has not proved 
wholly providential. 

President Conant has come heir at Harvard to the 





1 Presented at the 118th Meeting of the American Chemical 
Society, Chicago, September, 1950. 
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free academic market. One of the consequences of it, 
which President Eliot could not have foreseen, is that 
the common learning once needed only for the profes. 
sional leaders of the community, is now needed under 
modern industrial conditions by a wider and wider 
majority. In fact it is needed desperately by the com- 
mon man who in a democratic society has to make the 
common decisions of the community. As Epictetus, 
the philosophical slave, said centuries ago: ‘‘Man has 
said that only free men shall be educated, but God has 
decreed that only educated men shall be free.’”’ A free 
industrial society is now saying that the liberal arts are 
for everybody, not merely as a privilege or duty, but as 
a social necessity. This is the way the Committee of 
President Conant’s faculty have seen the problem. 
Their report on “general education in a free society” 
offered a modus vivendi rather than a solution to the 
problem. Incidentally the weakest part of the report 
dealt with the natural sciences, and Mr. Conant him- 
self had to take off his administrative coat and partic- 
pate in the explorative teaching that the report recom- 
mended. 

One trouble with this report was that it did not pene- 
trate to the principle and nerve of liberal teaching. The 
principle of liberal teaching must be intellectual, and 
its aim must be the awakening of intellectual curiosity 
in the student and the establishment of those intellec- 
tual habits by which a student becomes his own teacher 
for the rest of his life. The intellectual process must 
become self-perpetuating; the insights induced in the 
classroom and laboratory must be such that they will 
generate other insights. This means that subject mat- 
ters must be sorted and selected to provide the kind of 
basic understandings that crucial experiments con- 
tribute to science. Since this criterion probably de- 
mands more understanding than the academic com- 
munity has of its present subject matters, our basic 
trouble is a very dangerous one, an intellectual chaos. 

The difficulties that liberal arts colleges have with 
chemistry, chemists, and departments of chemistry are 
manifold. Many of them are superficial, but nonethe- 
less chronic and frustrating. One set of them seems to 
be managerial: the laboratory equipment dictates 4 
dangerous bulge in the budget, running expenses reflect 
the high cost of research added to the cost of teaching, 
salaries for good personnel have to compete with al 
industrial scale; the high rate of consumption of time 
in laboratory periods dislocates the schedules of both 
teachers and students, and quarrels about such matters 
irritate and discourage the instructors enough to dam- 
age their morale and the standards of their teaching; 
members of the faculty come to meetings of the cul 
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riculum committee full of righteous indignation and the 
will to veto. A second kind of difficulty is still super- 
ficial, but it comes nearer to the central trouble. Stu- 
dents who show the first signs of liberal artistry, that 
is, have caught the habits of intellectual curiosity but 
have few of the skills which support them, react with 
angry frustration to their first contacts with chemistry. 
This is partly due to the low morale that the elective 
system generates, and the resulting demand that in- 
struction shall always be interesting; partly due to the 
fact that many chemists have little experience or sym- 
pathy with the all pervasive questions with which liberal 
teaching is concerned; and partly due to the opaque 
formulary content of chemistry which delivers its 
significance only to those who have the operational 
habits of the professional practitioner. A theoretical 
question asked by an explorative student or an inquisi- 
tive colleague is commonly responded to with self- 
defensive anger on the part of the chemist; such ques- 
tions seem to call in doubt the competence and integrity 
of a whole profession. I know persons who more or 
less deliberately and regularly indulge in the academic 
sport of baiting the chemist, and, as a dean, I found it 
my duty to discipline students who imitated their elders 
inthis game. The game gets rough when it is played 
by mathematicians and physicists who view the chem- 
ist’s answers as stolen property. 

The humanists, who have lost considerable intel- 
leetual integrity since the renaissance, but who still see 
themselves as the guardians of the surviving fragments 
of the liberal arts, view the open market that President 
Eliot invited them to enter as a trap set by a chemist. 
The professor of chemistry looks to them like a field 
agent of the industrial corporation, scouting in the 
academic market for human material to exploit. His 
demands for prerequisites and majors seem to have all 
the force and threat of the industrial world back of 
them, and the graduate school of chemistry is a special 
device for distorting and monopolizing the liberal col- 
lege whose defenses have been brushed aside in the elec- 
tive system. The humanist’s resentment is particu- 
larly acute when he hears students who have many 
interests told that they must choose between the hu- 
manities and chemistry on pain of losing their profes- 
sional careers. 

Familiar with all these painful and puzzling symp- 
toms of civil war throughout my academic life, wrestling 
with their administrative consequences, and exploring 
the causes of them in my more speculative moments, I 
welcomed a definitive explanation of them by a medical 
friend some years ago. He had decided, he said, that 
chemistry is a system of cookery; it borrows its intelli- 
sibility from other sciences, and it has no intellectual or 
theoretical base of its own. It is an operational 
“phistry, inventing and using formulas that it does not 
tven pretend to understand. These are harsh words, 
but as a hypothesis they threw a good deal of light on 
hy own speculations. The acceptance of formulas, 
pun out of the periodic table, as the subject matter of 
chemistry had always reminded me of the rules, par- 
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adigms, conjugations, and declensions of the classical 
grammarian and his bad temper in enforcing rote mem- 
ory as a pedagogical discipline. The simile of cook- 
book rules illuminated the relation between teaching 
techniques and subject matter. 

I remembered how I had been scandalized by receiving 
a high A in my unhappy introductory course in chemis- 
try for memorizing the steps in soap making and iron 
smelting and translating them into chemical formulas 
without benefit of theoretical insight. I remembered 
the angered agony of my premedical college roommate 
when he was memorizing the six hundred formulas in his 
course in organic chemistry. I also remembered how a 
committee of the faculty at the University of Virginia 
had persuaded the member of the committee from the 
department of chemistry of the rightness of a curricu- 
lum for honors siudents, only to have him say at the 
end of his approving statement that his department 
could not participate because it would need more time 
and prerequisites than he could honestly recommend in 
a well-balanced course of studies, and that, further- 
more, graduates from the honors course would not be 
sufficiently prepared to take up graduate work in chem- 
istry. 

My medical friend further argued that the liberal col- 
lege should accept the historic fact that chemistry, 
whether it be alchemy or modern industrial magic, is a 
black art, the art of pouring, as its name indicates, 
which cannot be penetrated by the kind of intelligence 
that the liberal arts properly cultivate. Like com- 
munism, if taught at all in the liberal college, it should 
be presented as a sample pathology of the intellect, 
with the warning that many other dark things like it 
are loose in the world at present. 

This therapy, or sentence of expulsion, for chemistry 
is harsh, but the diagnosis is true, or at least so it still 
seems to one outside the profession. To the philoso- 
pher, who has a vested interest in the liberal arts, and 
who cannot practice his arts at all if they are depressed, 
to whom in addition the aims and validity of the various 
scientific methods are things of special solicitude, the 
modern turn toward radical empiricism seems to have 
committed itself to many industrial arts that have not 
yet articulated their proper sciences. Chemistry 
seems to be an acute case of this; it has always bor- 
rowed its intellectual capital from other sciences in 
order to increase its equipment and its production of 
useful formulas. It is true that chemistry is not alone 
in showing this high ratio of art to science; the mathe- 
matics and physics with which it is often compared and 
on which it leans are themselves deeply involved in in- 
dustrial enterprises that do not let the theoretical eye 
see what the operational hand does. If the liberal art- 
ist is right in accepting as his categorical imperative the 
proposition that knowing the truth makes men free, 
and if he is right that the transformation of operations 
into theory is his essential business, he must view with 
alarm the blind drift of all the natural sciences into 
operations that systematically refuse theoretical formu- 
lation. He finds the natural scientist perverse in refus- 
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ing to admit his responsibility for the theoretical foun- 
dations upon which he pursues his empirical enquiries, 
and rightly or wrongly he finds chemistry the going con- 
cern in the academic world that most powerfully 
threatens the common intellectual enterprise. 

But in spite of the humanist’s ignorance of modern sci- 
ence and the scientist’s contempt for the stale liberal 
arts, the liberal artist cannot condemn chemistry with 
my medical friend. However incompetent he may be 
to face it, his assignment is cut out for him. He must 
accept the operations of the scientist as rational opera- 
tions and find some way of transforming them into 
theory. If chemistry seems to be the darkest range of 
the intellectual spectrum, it may be the place to start 
the renaissance of liberal education and to expect a 
new birth of freedom in the world. 

Chemistry as an art is not young; its theme of the 
transformation of substances is as old as civilization; 
whatever materials belong to the other arts belong also 
to chemistry, and more too; its practice continually 
served the farm, the workshop, the sick-room, the 
school, and the counting-house long before it served 
modern industry. Furthermore, its skilled operations 
have always reflected theory, and what is more impor- 
tant for the liberal arts, its operations have always con- 
tributed to theory. This suggests that there is light 
behind the dark aspect that chemistry presents to the 
liberal arts. 

Modern industrial society, in coming to understand 
itself, has magnified one side of human nature in a way 
that no previous historic period has done. When we 
speak of the dignity of man, we now include the dignity 
of labor, the expression of his rationality in the work of 
his hands. In a new and spectacular way we know 
that man is a worker, a maker, a fabricator, an artist. 
No less than in his thoughts and his words, he is in his 
works only a little lower than the angels. In the old 
days this insight was given theological recognition in 
the doctrine that man was the product of a superartist, 
and his vital processes were understood as the opera- 
tions of a reflexive artistry, a self-building. It was 
through an analogy with this human and divine art 
that all natural processes were understood. Now we 
think of society as the work of two great systems of 
arts, industry and politics, both of which increasingly 
depend upon the articulation of techniques into one 
system of technology. The secret of the new under- 
standing of society that is being generated in this de- 
velopment is the notion of the tool or instrument. The 
tool has always been understood as a means of produc- 
tion, but an instrument is a tool that has become a 
means of knowledge; it connotes knowledge as well as 
skill. The Greek work for machine or mechanics had 
these two meanings, and it was the insight of the Greeks 
that made the beginnings of science in our culture. We 
are led to a new understanding of ourselves and our 
society by an emphasis on the teehnological system as 
a means of knowledge. 

All tools have at one time or another been scientific 
instruments, and all science reflects and reflects on 
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tools. Modern physics, which started in mechanics, 
reflects the lever, the wheel, the inclined plane, the 
screw, and their productive uses. Biology reflects hy- 
draulic devices and their uses in investigating the subtle 
transformations of substances in the processes of assimi- 
lation, growth, and reproduction. Chemistry, develop. 
ing between these two sciences, has always borrowed 
heavily from their arsenal of instruments, and it has 
contributed to them; but it has also borrowed liberally 
from their hypotheses, and has put them to character: 
istically unique uses; it has used them as instruments 
of investigation. Fire, at once a vivid experience and 4 
useful agent in practical life, was also a great hypothesis 
for the ancients. It encompassed the world and held 
it together in a dynamic equilibrium. But in the spirit 
of chemistry the ancients used fire as an instrument to 
trace change and to detect and order the other elements, 
air, water, and earth. Fire assays, clarifies, and classi- 
fies the building blocks of the universe. At a later time 
the accessories of fire, the furnace, the retort, the alem- 
bic, and the crucible, distinguish and define the proper- 
ties of the modern elements, and by a converse reflec- 
tion the kinetic theory of heat penetrates to the form 
and structure of the molecule. With the help of the 
theory of gravitation the chemical balances give num- 
ber, weight, and measure to the modern atoms. _ In the 
work of Faraday this use of the great hypotheses as 
instruments of investigation reaches its climax. It is 
impossible to tell whether he is developing the theory of 
electricity or discovering the constitution of matter; 
electricity, a new kind of fire, uncovers new properties 
of matter, and the chemical elements become the in- 
dices of the properties of electricity. Finally the super- 
hypothesis of radiant energy is projected into the hypo- 
thetical heart of matter. 

It appears from this that chemistry has a particular 
genius for reaching to the highest hypotheses in all the 
sciences and turning them to radical instrumental use, 
and, as a consequence, reduces everything in the uni- 
verse to concatenations of reciprocal instruments, force 
to element, element to element, mineral to organism, 
organism to organism. The borrowed instrumental 
hypothesis revolutionizes the science from which it has 
been borrowed. 

If this is a proper over-all view of chemistry, then 
there is a profound revolution in thought brewing in the 
crucible. Far be it from me to accuse the chemist of 
apostacy to the dogmas and habits of empirical science, 
but there is here all the appearance of a cosmology, the 
kind of speculation which is the special privilege of the 
philosopher. Furthermore, it appears to be a cosmol 
ogy to which all the sciences contribute and toward 
which they are all drifting, a cosmology in which every 
item in the universe is functionally related to all other 
items in an instrumental reciprocity of means and ends 
This outcome, if it can be entertained as such, tralls 
lated into theoretical terms, if that is possible, would 
establish a new basis for all the sciences. It would pre 
vide a substantial ground for the formulation of home 
geneous laws of nature in a single unified science 0 
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nature. It would provide a long lost subject matter 
for analytic mathematics, and, since it would fully re- 
fect technology, it would enable the social sciences to 
grasp the laws of society. lt would formulate a new 
theory of natural law as a foundation for both science 
and morals. Through this new instrumental mode of 
thought, so thoroughly practiced but never preached 
by the chemist, the liberal arts might get a new lease of 
life. 

But, as must be painfully recognized, this speculation 
ig even philosophically irresponsible: I am predicting 
anew base of intellectual work, and although I can see 
its possible source, I do not know what it might be. I 
am sure that it is needed, and I have a strong hunch 
that it willcome. The idea that it might come suggests 
amoral. There is a chaos in the republic of learning 
which is due to an intellectual chaos in the liberal arts. 
Iam suggesting that part of the chaos is due to the 
degree to which operations have outrun ideas. All of 
the natural sciences show symptoms of it, chemistry 
more than most. Evidences of the disease are to be 
found in all the liberal arts. But the chemist, who is 
the yellow dog of the academy, is also a scapegoat for 
all of our intellectual sins. He has brought this upon 
himself, and he has little chance of finding a respectable 


* KLAUS CLUSIUS 


Kiaus Ciusivs, eminent physical chemist, was born at 
Breslau on March 19, 1903. He received the Dr. Ing. 
degree from the Breslau Technische Hochschule in 
1928. A Rockefeller stipend allowed him to spend one 
year at Oxford under C. N. Hinshelwood and several 
months at Leiden where he worked under W. A. Keesom 
in the Kammerlingh-Onnes Laboratory. His teaching 
career began at Géttingen, where he habilitated in 
physical chemistry in 1931. He was called to Wiirz- 
burg as associate professor in 1934 and after two years 
was appointed department head at Munich. He en- 
tered his present position, Director of the Physikalisch- 
Chemisches Institut at the University of Zurich, in 
1947, 

Professor Clusius has successfully devoted himself to a 
variety of research topics. His main fields of interest 
have been reaction kinetics, low temperature studies, 
and investigation of isotopes. 

The work on reaction kinetics began in Hinshelwood’s 
laboratory, with studies of homogeneous gas catalysis. 
Recently, particular attention has been given to flame 
reactions. The spreading and form of hydrogen flames 
at the lower explosion limit and the accompanying 
diffusion processes were explained with the aid of heavy 
hydrogen and “colored” flames. The radical change in 
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place for himself in the genteel ways of the decadent 
humanists; I think it will be admitted that he does not 
want such a place. But alleyesareuponhim. He has 
the free use of all the tools upon which the intellectual 
community lives and a free run of the practical world in 
which he is master mechanic. We all are following the 
scapegoat whether we like it or not. The question is: 
can the scapegoat become the savior of intellectual 
freedom in an industrial world? A savior might be de- 
fined as a person who cannot be tolerated in a com- 
munity unless he brings revolution. In this case the 
chemist cannot be tolerated unless he revolutionizes the 
liberal arts, and thus brings an intellectual light to the 
whole human enterprise. 

I once discussed this question with Selig Hecht who 
made a visit to St. John’s College to see what we were 
doing in our laboratories. He respected our attempt to 
solve the basic problem I am discussing by teamwork in 
a faculty primarily devoted to teaching. He agreed 
with us in not viewing its outcome optimistically. He 
said the job would have to be done by top-flight scien- 
tists first, and that then the rest of us might again learn 
to teach. I can think of no higher authority to quote 
in support of my pessimistic, and, I hope, challenging 
remarks. 


RALPH E. OESPER 
University of Cincinnati, Cincinnati, Ohio 


the structure of carbon suboxide flames by drying is one 
of his newer discoveries. 

The low temperature studies have dealt especially 
with specific heats, heats of transition, heats of fusion, 
and the entropy of condensed gases. The singular 
division of the transformation of methane CH, at 20° 
absolute into two transit?.1s in the case of CH;D and 
CD, was established. In other instances, such isotopic 
effects resulted in considerable shifts of the transition 
points of ‘‘deuterized”’ gases. 

The separating tube process was discovered in 1938. 
It makes possible an enormous increase in the concen- 
tration shift of gaseous and liquid isotopes as compared 
with the slight effect achieved by thermodiffusion. 
The process was subsequently developed with the 
collaboration particularly of G. Dickel and H. Kowalski. 
By this means, for the first time. Cl® and Cl*’, Kr*4 
and Kr*, O08, and recently N’ were obtained at a 
purity of over 99 per cent. N?? and N”, first separated 
by Hertz, could now be obtained by the liter. 

Professor Clusius is a member of the Academies of 
Munich, Halle, and Bologna. In 1940 he was awarded 
the Arrhenius Prize of the University of Leipzig, and in 
1943 he was the recipient of the Cannizzaro Prize of the 
Accademia dei Lincei in Rome. 








e A NOVEL INTRODUCTION TO ATOMIC 


STRUCTURE 


Aw Exursition of Science at South Kensington, Lon- 
don, forms part of the Festival of Britain this summer. 
Science, of course, appears in its “user setting” in al- 
most all of the festival exhibitions, as well as occupying 
a unique place in the giant “Dome of Discovery” on 
the South Bank. In the Exhibition of Science, how- 
ever, it is considered in its ‘‘pure’’ sense, 7. e., man’s 
quest for knowledge into the structure of matter, both 
inanimate and biological. In common with all the 
scientific displays in the festival, accuracy of presenta- 
tion and thematic balance have been assured by very 
close collaboration with almost all the leading scien- 
tists in Britain. 

In order to introduce the public to the idea that mat- 
ter consists of molecules and atoms, a novel entrance 
sequence has been designed; this is contained in five 
rooms with interconnecting corridors. 

In the first room there is a pencil-lead writing on a 
piece of paper, all at natural size. Leaving this the 
public passes through a corridor in which they are told 
by loudspeakers that they are entering a wonderland 
where things grow larger and larger. To heighten the 
effect the ceiling rises and stripes on the walls get wider 
and diverge. 

The second room contains the pencil-lead and paper 
magnified by a factor of ten—this scale increase being 
chosen to condition the public to what follows. 

In the next corridor, which is fairly dark, the loud- 
speakers explain that the factor of magnification is now 
a thousandfold, 7.e., 104 times life size. The paper ap- 
pears exceedingly rough and the tip of the pencil lead is 
seen with flakes of graphite sliding from it. 

The speech in the third corridor is somewhat in- 
human, an effect obtained by using a mixture of 
straight speech and speech in which the vocal chord 
sounds have been replaced by organ chords by means 
of a Vocoder. The public is prepared for another 
thousandfold scale increase and the fourth room shows 
the crystal structure of the graphite. This, of course, 
no longer resembles the original lead, but appears as the 
familiar hexagon pattern. Peaks and valleys in the 
structure signify the rough surface of the graphite. 

The speech in the final corridor is as inhuman as is 
compatible with intelligibility, and it explains that the 
final room is at a magnification of 10.° To heighten 
the effect of unreality, the floor is covered with ‘‘Dun- 
lopillo” (rubber mattress material) and the room is in 
total darkness except for the actual display. This is a 
wave-mechanics representation of a carbon crystal, in 
which the probability of finding an electron at any 
place is translated into light intensity. The atomic 
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A. J. GARRATT 
Festival of Britain Office, London, England 


nuclei appear as bright white spots in space; symmet- 
rically round them are the spherical K shells show 
as somewhat fuzzy clouds of blue iight. The trigonal 
bonds connecting the appropriate nuclei are green 
clouds of light, while the 7 orbitals, protruding for. 


ward and backward, normal to the nuclear planes, are 


yellow clouds. Behind the first nuclear plane other 
nuclear planes can be seen stretching back to an ap- 


parent infinity. The dimensions of this display ar 
17 ft. by 7 ft., surely the largest wave-mechanics atom 
in the world. 

The techniques used to produce the effects in this 
sequence have been the result of considerable research 
and development, and they represent a great advance on 
the usual ball and spoke models. 

The display in the fourth room showing the crystal 
structure of graphite consists of a number of parallel 
sheets of plate glass normal to the observer. The 
crystal pattern, including the peaks and valleys, i: 
built up by etching the atoms on the glass which is 
edge-lit. The atoms thus appear as tiny points of light, 
the structure being seen in three dimensions. 

The final room, with the wave-mechanics crystal, is 
somewhat similar in construction. Instead of glass, 
“Perspex,” the British trade name of transparent acrylic 
resin, is used. Twenty parallel sheets, each 17 ft 
by 7 ft. are placed between a semisilvered mirror at 
the front and a fully silvered mirror at the rear—thex 
parallel mirrors producing the repeating pattern 0 
nuclear planes. The nuclei consist of small hem: 
spheres cut in the Perspex and filled with white phos 
phors. The “probability clouds” are sprayed onto the 
sheets in colored phosphors, the multiplane construe 
tion permitting any three-dimensional pattern to be 
built up. The entire display is illuminated from the 
top with ultraviolet light—thus producing the glowing 
clouds of color. Perspex is used instead of glass on at 
count of its high transparency to ultraviolet light, any 
fire risk being minimized by the fitting of automatit 
sprinklers in the ceiling. 

The rest of the exhibition following this initial ¢ 
quence demonstrates, in as dynamic manner as po 
sible, our present knowledge of structure. Starting 
with change of state and Brownian motion as commo 
sense evidence of the existence of molecules, it col 
tinues with the breakdown of everyday objects int0 
elements and then into atoms. The main circulatio 
shows how the concept of stable electron shells explain 
how compounds are built up; this theme is carrie! 
through to more complicated organic chemistry inclué 
ing synthesis. The chemistry of proteins forms tht 
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link to biological structure. Supplementary circula- 
tions trace the structure of light, of crystals, and of 
metals, while another section is devoted to atomic 
physics from the discovery of the electron to nuclear 
fission. 

The biological section, “Living Structure,” shows 
how the cell is the fundamental unit and how cells are 
put together to form the most complicated organisms. 
Reproduction and genetics form part of this story, as 
well as examples of cells that have “gone wrong” and 
resulted in cancer. 
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The final part of the exhibition, called “Stop Press,” 
deals with some of the latest research that is engaging 
the attention of scientists. The subjects chosen for 
this section are: sensory perception, electrons in crys- 
tals, the physical and chemical approach to the prob- 
lem of life, electronic computers, cosmic rays, and the 
formation of the universe. This last subject, which 
forms the finale of the exhibition, demonstrates the 
Hoyle theory by means of five dynamic models, ending 
with the expanding universe and continuous creation of 
matter—a fitting climax to the exhibition. 


* “AS I KNEW MICHAEL FARADAY“ 


JAMES R. IRVING 
Pure Oil Company, Crystal Lake, Illinois 


The scientist should be a man willing to listen to every suggestion, but determined to 
judge for himself. He should not be biased by appearances; have no favorite hy- 


pothesis; be of no school; and in doctrine have no master. 


spector of persons, but of things. 


Truth should be his primary object. 


He should not be a re- 
If to these 


' qualities be added industry, he may indeed hope to walk within the veil of the temple 


of nature. 


“Micnart Farapay? You bet 1 can tell you some- 
thing about Mike—all the men in the laboratory called 
him that, you know.” It was 93-year-old Robert 
William Vicarey talking, one time bottle washer and 
handy boy for the great English scientist in his labora- 
tory at the Royal Institution, London. 

“Faraday married my grandmother’s cousin and 
took me into his home and laboratory at the age of 
nine. There wasn’t much that a lad of nine could do 
in a laboratory, but Mike set me to work washing 
bottles.” 

Vicarey quickly explained that bottles, in those days, 
were actually clay containers. And he well remembers 
an occasional box on the ear he received at the hand of 
Faraday when he “accidentally” dropped one. Fara- 
day’s admonition, however, was never more than, 
“Come on. Wake up, boy.” 

An almost holy reverence still envelops 93-year-old 
Vicarey when he recalls other incidents which occurred 
during his association with “Mike.” It goes without 
saying that his own life was thoroughly influenced by 
this intimate contact with the great English scientist. 
His more than 75-year career and study as a traction 
battery scientist serve as evidence. Faraday’s love for 





* Based upon an interview and selected notes of Mr. R. W. 
Vicarey. 


Michael Faraday 


experimentation, too, has influenced the man to this 
day. An entire second floor of his Milwaukee, Wis- 
consin home is completely devoted to electrochemical 
investigation (see Figure 1). 





Milwaukee Journal Photo 


Figure 1 
A far cry from the glass globe apparatus of Faraday's laboratory. Mr. 
Vicarey adjusts the electrostatic machine he built preparatory to an ex- 
periment. This equipment is a part of his home laboratory. 
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Figure 2. Faraday’s laboratory in 1868 

I was never able to make a fact my own without seeing it; 
and the description of the best works altogether failed to convey 
to my mind such a knowledge of things as to allow myself to 
form a judgment upon them. It was so with new things. If 
Grove, or Wheatstone, or Gassiot, or any other told me a new 
fact, and wanted my opinion either of its value or the cause or 
the evidence it could give on any subject, I never could say 
anything until I had seen the fact. For the same reason I never 
could work, as some Professors do most extensively, by students 
or pupils. All the work had to be my own.? 


Vicarey’s notes emulate 
» accurate recording of all 


Volume upon volume of 
“Mike's” pious devotion to th 
his experiments. 

I already owe much to these notes and think such a collection 
worth the making by every scientific man. I am sure none would 
think the trouble lost after a year’s experience.* 





2 Faraday’s writings. 
3 From one of Faraday’s notebooks, 1822. 
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But more about Faraday, 
the man. He was always 
a gentleman. Michael 
Faraday’s deep aversion to 
knighthood for his many 
contributions to the world of 
science, a coveted honor for 
most English scientists, did 
a not lessen Queen Victoria’s 
deep appreciation and ad- 
miration for him. In his 
later years, with his health 
broken by overwork, the 
Queen gave him lodging and 
complete care at Hampton 
Court Palace near London. 

“Faraday,” continued 
elderly Mr. Vicarey, “‘in all 
his worldly contacts was a 
typical Sunday School boy. 
He was ‘strictly religious’ 
and did not use tobacco in 
any form. He had a fond- 
ness for wine, but always 
used it with the greatest of 
—“= discretion and good taste.” 
a As the story of Fara- 

day’s life unfolded from the 
memory of one who formerly worked in his laboratory, 
the English scientist’s complete humility and deep re- 
spect for his fellow men seemed to characterize his every 
waking moment. Vicarey summed it up like this: 

“Faraday sat on his dignity.” 

The old man’s hand pointed to a picture on the wall 
of his study showing Faraday working in his London 
laboratory. “Many’s the time 1 trimmed the wicks 
of the candles for him. We didn’t have gas burners, 
then, you know. My other chores around the labora- 
tory included turning the glass globe electrostatic ma- 
chine [shown in the lower right hand corner of Figure 
2| and pumping the blacksmith’s bellows.” 

‘He was always investigating things,” continued the 
old man. ‘He really never completely stopped work- 
ing. It’s never been published to my knowledge, but 
Mike built one of the first modern diving bells.”’ Mr. 
Vicarey stroked his neatly 
trimmed, white beard. He 
said he was on the shore of 
the River Thames with 
Faraday during the early 
trials of the equipment. 

According to Vicarey, 3 
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the story went around the 
laboratory in those days, 
Michael Faraday wasquietly 
sating lunch next to his 
bench when he first ob- 
served the principle of elec- 
tromagnetic induction. He 
jumped to his feet to make 
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sure his eyes were not de- 
ceiving him. They were 
not. The great industrial 
world of the electric motor 
and the generator was born 
from this historic observa- 
tion of a moving coil of wire 
around a magnet. The old 
admirer of Faraday re- 
flected, “One could truly 
say it was not the moving i) 
coil that was the turning 
point in our industrial and 
engineering history but the 
interpretation of its mean- 
ing by the man who watched 
the wire turn.” 

It almost sounds as if 
Faraday came upon many 
of his discoveries by chance, 
but his former handy boy 
would strenuously disagree 
with this conclusion. Kohl- 
rausch, a German contem- 
porary of Faraday, gave a 
better evaluation of the 
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man’s talents, “‘Er riecht die 
Wahrheit.” 

Vicarey borrowed from Faraday’s own writings to 
sum up the English scientist’s secret of success as a 
scientific worker. ‘The secret is compounded in three 
words—Work, Finish, Publish.’’ 

The old man delighted in reviewing the many con- 
tributions of his English idol. ‘Yes, the world acknowl- 
edges Faraday as the father of electrochemistry, a 
pioneer in electromagnetic induction, and discoverer of 
benzene; but his active mind covered much more 
ground than that. His ‘Chemical Manipulation’ of 
1827 outlined fundamentals of laboratory technique 
that were to guide chemists to thisday. [This included 
a practical method to obtain distilled water.] He was 
the first to adapt cut-sheet rubber for tubing and to 
experiment with gases. He probably was the first to 
recognize the anaesthetic effect of ethyl ether. He 
contributed a paper on its properties to the Journal of 
Science and Arts in 1818 which noted that ‘when the 
vapor of ether is mixed with common air and inhaled, 
it produces effects very similar to those occasioned by 
nitrous oxide.’ ”’ 


Figure 4 


It was Faraday who first introduced the terms “‘ion,”’ 
“cation,” and “anion.” His scientific desire to avoid 
all terms tainted by a foregone conclusion prompted 
him to consult with W. Whewell of Trinity College, 
Cambridge, in 1834 who suggested them after carefully 
considering the exact meaning Faraday wished to 
convey. Figure 3 is a reproduction of the original 
sketch by Faraday introducing the nomenclature of 
electrolysis in 1834. 

Figure 4 shows his own sketches of the various ‘‘vol- 
tameters” hedesigned and presented in a paper published 
in Philosophical Transactions, 7th Series, January, 
1834. 

Best of all, Mr. Vicarey likes to recall what he be- 
lieves to be one of the finest tributes ever paid to Fara- 
day. It came from Faraday’s eminent teacher and a 
titled English scientist in his own right, Sir Humphry 
Davy. It was in his later years that he magnanimously 
acknowledged that his greatest discovery was Michael 
Faraday. 


A Canadian steel company can boast of having shipped 30,000 pounds of “‘hot steel’’ and with 


the full approval of the law. 


In one of the most unusual operations of its kind ever attempted, 


a 30,000 pound steel ingot, at 1700°F., was shipped 200 miles in an insulated cast iron box, bolted 


to a railway car. 


There was a heat loss of only 125°. 


This method of shipping, not only saves 


weeks of time in cooling and reheatings, but eliminates the danger of ingot cracking while cool- 


ing.—The Ohmite News. 








* HOLD THAT FLAVOR! 


Iris a deep-rooted human instinct to grasp and hold 
the fleeting things of life. We fix a loved one’s image 
on canvas or gelatin; we record the short-lived notes 
of a symphony and preserve a flower in impervious plas- 
tic. So, too, men have long tried to capture and thus 
prolong the enjoyment of the aromas of fresh fruit. 
This has now become a practical reality through re- 
search at the Department of Agriculture’s Eastern 
Regional Research Laboratory in Philadelphia. 

In 1944 two young chemical engineers, H. P. Mille- 
ville and E. L. Griffin, Jr., for the first time captured, 
in concentrated unaltered form, the volatile aroma of 
fresh apple juice. Their success can be largely attrib- 
uted to a new approach. Most previous investigators 
had attempted to capture the aroma when concen- 
trating the fruit juice under vacuum. Quite logically, 
vacuum was used to avoid heat damage to the juice 
or the aroma. However, consideration of the problem 
from a theoretical viewpoint showed that the losses in 
aroma from the vent gases of any volatile flavor recov- 
ery system would be almost inversely proportional to 
the absolute pressure in the system. They therefore 
abandoned the vacuum method and designed an ap- 
paratus to operate at atmospheric or higher pressure. 

Their first process entailed heating the freshly pressed 
juice to about 320°F. in 3 seconds and then flashing it 
to atmospheric pressure. This vaporized about 10 per 
cent of the juice, which previous investigators had 
shown to be adequate for the release of all the aroma. 
The vapor passed to a fractionating column, where the 
aroma was concentrated to 100 or more times its con- 
centration in the juice. Vent gases were scrubbed 
with the chilled product for more complete recovery. 
The resulting product was termed apple essence, since 
it contained the essential flavor ingredients character- 
istic of apples. This process was described by H. P. 
Milleville and R. K. Eskew.‘ 

The apparatus would have had limited commercial 
value, however, because the tube in the superheater 
in which the juice was brought to the flashing tem- 
perature fouled rapidly, necessitating frequent shut- 
downs for cleaning. This drawback was overcome 
by substituting a rapid evaporator for the superheater. 





1 Report of a study, certain phases of which were carried on 
under the Research and Marketing Act of 1946. 

2 Head, Chemical Engineering and Development Division. 

3 One of the laboratories of the Bureau of Agricultural and 
Industrial Chemistry, Agricultural Research Administration, 
United States Department of Agriculture. 

‘ MiuLevitte, H. P., ano R. K. Eskew, ‘‘Recovery and 
utilization of natural apple flavors,’’ U. S. Dept. Agr., Bur. Agr. 
and Ind. Chem. AIC-63, Sept. 1944. (Processed. ) 
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This innovation made the process commercially prac- 
tical. It was described in a supplement to AIC-3, 
A later publication by Milleville and Eskew* describes 
the process essentially as it is carried out today. 

The original object of this work was to obtain the 
volatile aroma of apple juice in such concentrated form 
that when added to a concentrate made from the 
stripped juice the product would have a high enough 
sugar content to prevent fermentation. This was 
achieved, and the product was termed full-flavor 
concentrated apple juice. It was soon apparent, hov- 
ever, that there were other uses for apple essence, for 
example, in enhancing the flavor of frozen concentrates, 
carbonated beverages, jelly, candy, ices, etc. 

The new process met with enthusiastic response on 
the part of industry, and commercial development was 
expanding rapidly when it was found that the essence 
contained ethyl alcohol in sufficient quantity to be 
taxable. Ethyl alcohol is a component of apple flavor, 
and when the flavor is concentrated, the alcohol is in- 
creased enough to exceed the taxable limit of 0.5 per 
cent. This dampened the enthusiasm of industry for 
a while, but in September, 1949, the tax on volatile 
fruit concentrates, as essences are now termed, was 
removed. Thousands of gallons of volatile fruit con- 
centrates made by the process developed at the Phila 
delphia Laboratory are now being produced and the 
new industry is expanding. 

Volatile fruit concentrates are not confined to apples. 
The Laboratory also showed that the basic principles 
of the apple essence process could be applied to the 
juices of many other fruits, such as Concord grapes, 
blackberries, black raspberries, and strawberries. Now 
the essences of many fruits besides apples are being 
produced commercially. 

Anyone who has been in the kitchen when preserves, 
jams, or jellies are being made knows that the air of the 
kitchen is pervaded with the aromas of cooking fruit. 
True, these are different from those of the fresh fruit, 
but they are pleasing and potentially valuable. The 
Eastern Regional Research Laboratory is currently 
studying the recovery in concentrated form of the 
aromas given off during the commercial manufacture 
of jams, jellies, and preserves. These recovered 
aromas should enhance the flavor of the finished prod- 
uct and may find use in other foods and beverages. 

The astonishingly rapid growth of the frozen con- 
centrated orange juice industry may encourage the 


—— 





5 MILLEVILLE, H. P., ano R. K. Eskew, ‘‘Recovery of volatile 
apple flavors in essence form,’”’ Western Canner and Packer, Oct. 
1946. 
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market development of other frozen juice concentrates. 
Where do fruit essences fit into this picture? Using 
essence from eastern varieties of apples, the Philadel- 
phia Laboratory has made frozen concentrated apple 
juice which, when diluted with water, yields a product 
with all the flavor and aroma of the fresh juice. At 
the Western Regional Research Laboratory in Albany, 
California, essence from western varieties of apples has 
been similarly used. Employing grape essence, the 
Philadelphia Laboratory has also prepared frozen con- 
centrated Concord grape juice. When water is added, 
the product is comparable in quality with the highest 
grade bottled grape juice. 
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Several research laboratories of the Bureau of Agri- 
cultural and Industrial Chemistry are studying various 
aspects of recovery of the volatile flavors of fruits 
grown in their respective regions. 

The frozen orange concentrate now on the market is 
a high-grade product, and public acceptance has been 
enthusiastic. Could that product not be still better 
if orange essence were used to contribute the character- 
istic orange aroma to the product instead of a small 
amount of fresh orange juice as is now used? This 
possibility will not be overlooked in the research pro- 
gram of the Bureau of Agricultural and Industrial 
Chemistry. 


+ 





One of the big headaches of the analytical chemist has 
always been the slowness of evaporations when they 
must be accomplished quantitatively on the steam bath. 
Where, by boiling, a solution may be evaporated to 
dryness with splattering in a relatively few minutes, 
its careful evaporation on the steam bath requires 
several hours. The main reason for this slowness 
is the fact that the heat of the steam bath is applied 
only to the bottom of the solution. If steam could also 
be applied to the sides of the solution, it is reasonable to 
expect that such evaporation would be much more 
rapid. 

Therefore, ‘“‘surrounded evaporations” were checked 
against the ordinary type of steam bath evaporation. 
Since steam as ordinarily confined in a bath is approxi- 
mately as hot as boiling water, two types of evaporation 
were checked against the conventional method. In 
one, all but the top half inch of outer surface of the 
beaker was surrounded by steam only, while in the 
other, the bottom of the beaker was allowed to dip into 
the surface of the boiling water and the remaining outer 
surface of the beaker except the top half inch was sur- 
rounded by steam. Various volumes of natural salt 
water—density 1.0051—were timed for evaporation. 
The steam bath was of the constant level type and the 
water was heated to near boiling before the solutions 
Were placed in position. 

For the water-steam surrounded method 800-ml. 
beakers were used, while for the steam surrounded 
method 400-ml. beakers sufficed. In each case similar- 
sized beakers containing like amounts of solution were 
evaporated conventionally. All beakers were covered 
with watch glasses supported by glass hooks. Only 
beakers of the size mentioned were used as they were 


QUICKER STEAM-BATH EVAPORATIONS 
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the only ones which would pass through the steam bath 
rings and form a nearly steam-tight fit. The accom- 
panying table gives some results of such tests. 





Times for Evaporation 








— ——800 ml. beaker 
Surrounded 
by boiling 


—400 ml. beaker—— 


<=, 





Surrounded Conven- HO and Conven- 
by steam, tional, steam, tional, 
M1. salt sol. min. min. min. min. 
50 66 102 48 64 
100 263 330 118 268 
200 383 568 184 381 
Av. time/ml. 2.03 2.86 1.00 2.04 





From the above results we see that surrounding by 
steam only reduces the time of evaporation by approxi- 
mately 29 per cent. When the bottom of the beaker is 
in the boiling water and the remainder surrounded by 
steam the time is reduced approximately 51 per cent. 
It was also found that the air currents in the room had 
considerable effect on the rate of evaporation, especially 
that of the conventionally evaporated solutions. More 
tendency for the salt to crystallize on the sides of the 
beaker was noted than in the conventional method. 

To make this method generally applicable, new covers, 
designed to fit the various sized beakers, would have to 
be made. The beakers may be supported by hanging 
by the lip, or, better, a perforated false bottom of stair- 
step construction may be built inside the bath. Such 
steps should be so adjusted that each will allow a given 
size of beaker to set on it, the beaker’s lip just clearing 
the cover. For convenience in cleaning, the false bot- 
tom should be removable. 








Tue expression, ‘Rubber plus chemistry” is in typical 
chemical language. Perhaps I should add to it, “equals 
what?” Suppose I try to make a real equation of it. 
Then the “what”? becomes a multitude of answers; in 
fact, as in organic chemistry the equation is seldom sim- 
ple, since an organic reaction generally leads to many 
things. That is one reason why it is so interesting. 
This paper is an attempt to present some of the an- 
swers. 

Rubber minus chemistry was making a little head- 
way in the early part of the last century, 150 years ago. 
Even as early as 1791 Samuel Peal in England obtained 
the first known rubber patent, a patent for the water- 
proofing of fabrics. Also, raw rubber was known for its 
property of rubbing out pencil marks—whence its name. 
Nevertheless, it must be remembered that the name, 
contrary to some statements, evidently had been given 
it before Priestley in the preface of one of his books 
(1770) wrote, “I have seen a substance excellently 
adapted to the purpose of wiping from paper the marks 
of a black lead pencil.’”’ He recommended its use ‘“‘to 
those who practice drawing,” and told where it could be 
bought. Natives in South America made rubber over- 
shoes by dipping clay forms into latex. Five hundred 
pairs were imported from Brazil into Boston in 1823 
and sold. 

Thomas Hancock in England cut strips of rubber from 
imported raw rubber shoes and bottles for use in making 
tobacco pouches and elastic fabric containing threads 
of rubber. In a patent, “Enrolled August 8, 1820,” he 
describes how he applies his ‘‘caoutchouc spring,”’ that 
is, elastic fabric, for use “‘in the wrist of the glove,” 
and “the mouth of pockets, to prevent their contents 
from falling out when in an inverted position, and to 
prevent their being easily picked; .. . to braces, instead 
of wire and other springs, . . . to stockings, to prevent 
their slipping down the leg; . . . to wigs, fake curls and 
fronts, to keep them tight on the head’”’; and for many 
other purposes. Hancock had plenty of imagination. 
In order to use up his waste cuttings, it occurred to him 
that, ‘if minced up very small, the amount of fresh-cut 
surface would be greatly increased, and by heat and 
pressure might possibly unite sufficiently for some pur- 
poses.” He “thought that a tearing action might do 
better than simply cutting.’”” The machine he made 
for this purpose consisted of a spiked roller that re- 
volved in an internally spiked hollow cylinder, which 
was the forerunner of masticators, because cuttings 
worked in it ‘‘came out a round solid ball.” He con- 
tinues in his ‘‘Personal Narrative,” “I wish here to re- 





1 Address at the Dedication of the Knight Chemical Labora- 
tory, University of Akron, Ohio, January 18, 1951. 


RUBBER PLUS CHEMISTRY’ 
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mark that the discovery of this process was unquestion. 
ably the origin and commencement of the india-rubbe 
manufacture, properly so called.’ This was in the 
summer of 1820. 

Masticated rubber increased its usefulness a great 
deal both as solid rubber in sheets, thread, etc., and ais 
by means of solutions. Charles Macintosh in 1823 in. 
vented his double-texture garments and shortly Haz. 
cock used his solutions similarly. At this same time 
Hancock obtained a British patent for saturating fabric 
with rubber latex. 

In 1828 Johann Nepomuk Reithofer in Vienna took 
out a patent for making elastic fabric containing rubber 
thread cut from raw rubber, and in 1829 a similar proe- 
ess led to the founding of the first German factory fo 
making elastic fabric in Finsterwalde near Berlin. 

In 1833 the Roxbury India Rubber Factory was e 
tablished in Roxbury, Massachusetts, the first company 
organized in this country, to manufacture clothing 
shoes, and other articles. Three years later Edwin M 
Chaffee obtained a United States patent for the applica 
tion of undissolved rubber to cloth and leather and fa 
the processing machinery, which was the friction calender 

Charles Goodyear, a hardware merchant and an it- 
ventor, the son of Amasa Goodyear, a Connecticut 
hardware merchant and inventor, became interested in 
rubber, as he tells us in his book, “Gum Elastic,”’ when 
“the was passing the store of the Roxbury India Rubber 
Company, in New York, and stopped to make inquiry 
about life-preservers, with the view of purchasing one.” 
Later he returned with an improved tube for inflating 
life-preservers, and “being pleased with his success it 
that, the agent advised him to turn his attention to the 
improvement of India rubber, and said, in behalf of the 
company, he would insure a very large compensati0 
to any one who would overcome the great difficultie 
they met with in the manufacture, which were, grea 
adhesiveness and subsequent decomposition of the 
goods.” 

Goodyear soon learned of the difficulties encounterel 
by others, especially that “India rubber manufacture 
had always been careful to avoid a heat of more thal 
100 degrees of Fahrenheit in the manufacture of thei! 
wares; and in the case of the Macintosh goods, the! 
circulars cautioned customers not to approach too neal 
the fire with them.” In his attempts to get rid of the 
adhesiveness of rubber he became much elated with tht 
combination of rubber and magnesia. The magnesi 
appeared to dry the rubber just as other substances di! 
paints. Of especial interest was the fact that the rub 
ber product was white whereas manufactured rubbel 
goods were all black. Several years later he wrote, “4 
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book was bound with this compound in 1834, the cover 
of which softened and fermented at that time, but is 
now hard as shell.” 

That rubber had been brought into rather extensive 
use, especially in England, before the discovery of vul- 
canization, is shown by Hancock’s statement ‘‘that we 
were frequently using from three to four tons a week, as 
early as 1837 and 1838,” that is, 150 to 200 tons a year. 
This was in spite of “its original objectionable qualities, 
namely, its clamminess, its tendency to stiffen and 
harden, and consequently to lose its elasticity, by cold; 
to be readily softened and decomposed by heat; and to 
be rendered soft and, as it were, rotten by grease and 
oils.” Thus did Professor Brande sum them up in a 
series of iectures on organic chemistry before members 
of the Royal Institution. Its “clammy adhesiveness” 
was removed by the addition of magnesium silicate 
(tale), and later ““The other objectionable properties are 
subdued by the extraordinary influence of sulphur.” 

It may be well to mention that while the rubber busi- 
ness was flourishing in this country in the early 1830's, 
540 long tons of crude rubber were imported in 1834, but 
because of serious difficulties and complaints, the busi- 
ness dwindled and in 1840 only half the amount above, 
260 tons, were imported. Vulcanization, discovered in 
1839, definitely revived the industry as indicated by the 
imports in 1845, 400 tons; 1850, 615 tons; and 1855, 
2150 tons. From the standpoint of a century later 
these figures are very puny but there were no automo- 
biles then and also the population was much smaller. 


CHEMISTS BEGIN STUDY OF RUBBER 


In the meantime chemists were slowly becoming 
interested in this unique elastic material. One of the 
first was Michael Faraday who was a chemist as well as 
a physicist. In a beautifully written article published 
in 1826, he describes how he purified the rubber hydro- 
varbon from latex received in bottles from Mexico, and 
by analysis affirmed that it is a hydrocarbon with ihe 
carbon-hydrogen ratio of 5 to 8. Others used the 
methods in vogue at the time and besides making analy- 
ses they destructively distilled or pyrolyzed it. Among 
these workers was A. Himly, who, in his dissertation at 
Géttingen, 1835, describes two hydrocarbon fractions 
thus obtained, the lower boiling of which he called 
“faradayin” and the higher boiling ‘caoutchene.”’ 
Fifteen years later, from a similar low-boiling fraction, 
C. Greville Williams isolated a substance which he 
named isoprene. He also noted that on standing the 
isoprene became viscous, and this viscous liquid, on frac- 
tional distillation, was converted in part into a ‘white, 
spongy, elastic mass similar to rubber.” 

Chemical derivatives of rubber had been sought early 
in the century, the action of chlorine on rubber in solu- 
tion being studied in 1801 by Roxburgh, although the 
first definite production of chlorinated rubber was 
probably by Engelhard and Day in 1859. J. Spiller, in 
1865, undertook the earliest recorded work on the oxida- 
tion of rubber, and histories of oxidation of rubber all 
speak of Spiller’s resin. 
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Charles Goodyear, in his attempts to make rubber 
articles that would last, heated rubber with lime and 
then used bronze powder on the surface of the goods. 
He did not like the effect, and in dissolving away the 
metal powder with nitric acid he discovered that the 
surface of the rubber lost its adhesiveness. This “acid 
gas process” was interesting but only affected the sur- 
face of the rubber. To obtain data for a patent, he 
“came near being suffocated by generating a large 
quantity of gas in a close room; he, however, escaped 
with a course of fever.” Evidently the gas consisted 
of nitric oxides, and he was a lucky man. 

SULFUR 


In 1832, F. W. Luedersdorff of Berlin found that when 
rubber is dissolved in turpentine containing sulfur in 
solution, the rubber that was obtained after evaporation 
of the solvent lost its adhesiveness. Jan van Guens of 
Haarlem, Holland, similarly used turpentine solutions 
of rubber and sulfur. The time was ripe for something 
to happen; for a new discovery. 

The use of sulfur was really not entirely new even 
with these chemists and inventors. If it is desirable to 
go further back in time, then it should be mentioned 
that South American Indians coated fabrics with latex 
mixed with gunpowder which contained sulfur, and let 
them dry inthe sun. The rubber in one of these coated 
fabrics years later was found to have a total of 1.57 per 
cent of sulfur, 0.9 per cent of combined sulfur. And, to 
go still further back in time, in certain lignite mines in 
Germany the so-called monkey hairs are the fossil re- 
mains of rubber latex from twigs of a very ancient 
plant, and in some of the mines the hairs have been 
vulcanized by means of migrated sulfur, some as soft 
rubber and some hard. 

In this country, in 1838, Charles Goodyear became 
acquainted with Nathaniel Hayward who had been 
superintendent of a rubber factory in Woburn, Massa- 
chusetts, and who had used sulfur in and on some of his 
compounds and had exposed them to the sun’s rays to 
“dry” the surface, a process called “‘solarization.” 

xoodyear learned of these methods and also that Hay- 

ward filtered his turpentine through sulfur. On Good- 
year’s insistence and with his help, a patent was taken 
out in Hayward’s name and assigned to Goodyear. 
Thus Goodyear began to use sulfur in his compounds of 
rubber, even using it in combination with his acid gas 
process, to make life-preservers, beds, cushions, carriage 
cloths, shoes, mailbags, and tents. Then came final 
apparent approval from an unexpected source—a gov- 
ernment contract for a considerable quantity of mail- 
bags, a fateful order full of significant and very impor- 
tant results. The rubber on the fabric contained 
chiefly sulfur and white lead. 

Unfortunately for his immediate financial condition 
but fortunately for posterity, the mailbags, “being 
finished in the warm season,” and after purposely hav- 
ing been hung up for testing, ‘“‘were discovered to be 
decomposing, and to be dropping off the handles.” 
Poor Goodyear. Again, another process proved to be 
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a complete failure. ‘Instead of realizing the large 
fortune, which, by all acquainted with his prospects, 
was considered certain, his whole invention could not 
bring him a week’s living. Again he saw those dear to 
him, together with his aged parents, stripped of the com- 
forts with which they were surrounded. Every thing 
that he possessed was brought to the hammer for the 
discharge of private bills.” Furthermore, “It was 
generally agreed that the man who could proceed fur- 
ther in a course of this sort, was fairly deserving of all 
the distress brought upon himself, beside being justly 
debarred the sympathy of others.’”’ “‘Frequent visits 
to the factory at Woburn became necessary, for the 
purpose of closing up and discontinuing the manufac- 
turing operations at that place. ... While on one of 
these visits . . . and at the dwelling where he stopped 
whenever he visited the manufactory at Woburn, the 
inventor made some experiments to ascertain the effect 
of heat upon the same compound that had decomposed 
in the mail-bags and other articles. He was surprised 
to find that the specimen, being carelessly brought in 
contact with a hot stove, charred like leather.” 

It is well to stop a moment at this point in discussing 
the discovery of vulcanization to give the facts as Good- 
year himself gives them in his book, ‘Gum Elastic,” 
because there have been many unfortunate variations of 
it. He didn’t just drop a lump of sulfur and rubber on 
a hot stove, or a lump of sulfur into some hot melted 
rubber. Also, it is unlikely that he promised his wife 
that he would do no more experimenting, and then 
while she was out broke his promise and on hearing her 
returning threw his samples into the stove, and later 
found the one containing sulfur had become vulcanized. 
He wasn’t even at home when he made his great dis- 
covery. 

The real facts are different. Of all the rubber here- 
sies, he decided to ascertain the effect of heat and was 
surprised to find the specimen, being carelessly brought 
in contact with a hot stove, charred like leather. It 
didn’t melt and become sticky as he and others had so 
often learned; it charred. He repeated the experiment 
carefully with a “‘similar fabric,”’ probably a piece from 
one of the mailbags, and noted that ‘‘upon the edge of 
the charred portions of the fabric, there appeared a line, 
or border, that was not charred, but perfectly cured.” 
His use of the word “carelessly” could be interpreted 
to show that it was a careless experiment, but I believe 
he meant that he was careless in the manner in which 
he performed the experiment. It should be mentioned 
also that his samples contained fabric—rubberized fab- 
ric, and therefore not stretchable. 

His discovery was far greater than he dreamed be- 
cause it has continued to this day to be the mainstay of 
our great rubber industry. 

Was Charles Goodyear a chemist or just a mix- 
master? Well, what is a chemist anyway? By defini- 
tion, a chemist is ‘“‘one versed in chemistry,” and chem- 
istry is ‘‘the science that treats of the composition of 
substances, and of the transformations which they 
undergo.” If this is the case, where can the line be 
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drawn to distinguish an ordinary experimenter from 
chemist? When does one become the other? May it 
not be well to include in the definition of a chemist one 
who uses chemicals to such good advantage as to pro- 
duce new and useful products? If this is acceptable, 
then how about Goodyear? He used chemicals for 
several years before he discovered vulcanization. The 
record shows that a druggist friend ‘‘supplied drugs ag 
were necessary for his experiments,” and at one of the 
many times he was in need of money, he pawned a book 
on chemistry, but apparently only after he had pawned 
many other things. He did not claim to be a chemist, 
He wrote, ‘‘While the inventor admits that these dis. 
coveries were not the result of scientific (italics are his) 
chemical investigations, he is not willing to admit that 
they were the result of what is commonly termed acci- 
dent; he claims them to be the result of the closest 
application and observation.”’ This sounds like a re- 
search chemist. In fact, I am sure that any of our 
modern research chemists, even with a Ph.D. degree, 
would be tickled to have to his credit a discovery as 
important as vulcanization. 


THE MODERN CHEMIST DISCOVERS RUBBER 


From the time of the discovery of vulcanization to 
the early years of this century practically all the im- 
provements in the manufacture of rubber were mechani- 
eal. It is true that Thomas Hancock in England re- 
discovered vulcanization after studying samples sent to 
England by Goodyear, Alexander Parkes discovered 
the use of sulfur chloride as a vulcanizing agent for thin 
films of rubber, lime, magnesia, and litharge became 
inorganic accelerators, considerable chemical work was 
done on the reclaiming of vulcanized rubber, and some 
observations were made on the polymerization of iso- 
prene to rubber-like products. 

A glance at chronologies and the literature of rubber 
shows how meager were the works of chemists during 
all these years. Such lack of attention was not alone 
in the rubber industry—it was generally true of all in- 
dustries. Then came the chemical awakening. Chem- 
ists began to do things. Their work was autocatalytic. 
Organic accelerators, antioxidants, reinforcing agents, 
vulcanization with nonsulfur chemicals, vulcanization 
of latex, electrodeposition of rubber, chemical deriva- 
tives of rubber, the chemical structure of the rubber 
hydrocarbon, retarders of vulcanization, methods of 
chemical analysis—these and more are familiar because 
they have happened so recently. Then, too, there are 
the synthetic rubbers, thiokol, neoprene, Buna, Buna-S, 
Buna-N, Hycar, Chemigum, Butaprene, butyl, GR-, 
silicone rubbers, and others. What a synthetic march 
they make! 

The chief faults of raw rubber had been overcome by 
vulcanization, but vulcanized natural rubber still suf- 
fers from comparatively poor aging, especially with 
ozone and sunlight, and ozone from the coronal dis 
charge; swelling and decomposition with oils and sol 
vents and highly corrosive chemicals; too short a range 
of practical temperatures; inflammability (witness the 
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recent disastrous Chicago fire); high gas permeability ; 
objectional odor; relatively high water absorption; 
and reversion. 

Some properties were enhanced to great advantage 
by the action of added organic ingredients, but the 
greatest recent advances in the rubber field have been 
made with synthetic rubbers. Thiokol has the greatest 
resistance of all the rubbers to the swelling action of 
gasoline, benzene, and oils, has greater resistance than 
natural rubber to the action of sunlight and ozone, and 
is lower in permeability to gases. In comparison with 
natural rubber, neoprene, which is more like natural 
rubber than the other synthetics, is more resistant to 
the action of oil, sunlight, ozone, oxidation, and heat, 
and is more flame resistant. The nitrile rubbers show 
higher resistance than natural rubber to oil, gasoline, 
and aromatic solvents, and to heat. Low-temperature 
GR-S has higher resistance to abrasion and therefore 
gives better treadwear, is less affected by heat, and has 
lower water absorption. Butyl rubber is much more 
resistant to attack by highly corrosive chemicals, to 
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swelling by many organic solvents, and to the deterio- 
rating action of weather aging, including sunlight, oxy- 
gen, and ozone; it has less permeability to gases than 
natural and any of the other synthetic rubbers. Poly- 
acrylic ester rubbers are more resistant than natural 
rubber to ozone, heat, gas diffusion, and certain sol- 
vents. The silicone rubbers have the widest tempera- 
ture range of all the rubbers, natural and synthetic, 
from approximately —100°F. to +500°F. They also 
are more resistant to weathering than natural rubber. 

Synthetic rubber compounds in general show greater 
heat build-up—that is, higher hysteresis loss—than 
natural rubber compounds. This difference between 
natural and synthetic rubbers is the last to be cut down 
and eliminated. Synthetic rubbers have been made, 
but only in small quantities, that have hysteresis values 
equal to and even lower than natural rubber. Now it 
appears only a matter of time until these will be available 
in larger quantities for further study. When this has 
been accomplished the last stronghold of natural rubber 
will have been conquered. 





A METHOD OF PREPARING OXYGEN 


SEVERAL years ago I became dissatisfied with the usual 
method of preparing oxygen in the laboratory, that of 
heating a mixture of potassium chlorate and man- 


ganese dioxide. That there is some danger in perform- 
ing this experiment is evident from the fact that there 
have been, in recent years several reports of injuries to 
students from explosions. I once had a student who 
mixed potassium chlorate and manganese dioxide, as 
directed, and also included sulfur and charcoal which was 
to be used in testing the gas produced. Fortunately 
the student was not injured by the resulting explosion. 

My principal objection to the above method, how- 
ever, is that few students can control the heating of the 
mixture in the test tube sufficiently well to avoid pro- 
ducing a white cloud in the collecting bottles. In 
spite of the fact that their observation of the air about 
them shows oxygen to be invisible and colorless some 
students identify the white cloud in the bottles as oxy- 
gen. For these reasons I have for several years used 
the method described below. 

The ordinary hydrogen generator is used. A tea- 
spoonful of manganese dioxide is placed in the generator 
bottle with about 20 ml. of water and the bottle is 
rotated to mix the contents. Superoxol, 30 per cent 
hydrogen peroxide, is diluted to 6 per cent with water. 
The hydrogen peroxide is poured, as needed, into the 


F. T. GROVES 
Central High School, Piqua, Ohio 


thistle tube. The reaction is easily controlled, and the 
gas produced is colorless. Unless a student is careless 
and allows much gas to escape when changing bottles, 
50 ml. of the 6 per cent solution should easily produce 
four 250-ml. bottles of oxygen. The action of man- 
ganese dioxide as a catalyst is just as well demonstrated 
by this experiment as with the conventional method. 
It is somewhat more expensive than the conventional 
method. 

The use of potassium chlorate and manganese dioxide 
is later demonstrated by the following method. Two 
tubes are clamped so that the bottoms of the two can be 
heated equally by a burner flame. One tube is sup- 
plied with a small quantity of potassium chlorate and 
the other tube with a mixture of the chlorate and 
manganese dioxide. Testing with a glowing splint 
shows which produces oxygen first. A tube of man- 
ganese dioxide alone is then heated and tested in a like 
manner to show that no oxygen can be obtained from 
that chemical by the heat of a Bunsen burner flame. 

The above demonstration serves also as an excellent 
project for an ambitious student. Ask the student to 
find out how many of the oxides found on the laboratory 
shelves will serve as a catalyst for the decomposition of 
potassium chlorate. The results may surprise even the 
teacher. 
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® A SIMPLIFIED CONSTRUCTION FOR follov 
VACUUM DISTILLING APPARATUS alter 
to git 
amat 
RAY WENDLAND gl 
North Dakota State College, Fargo, North Dakota “ Ar 
large 
500-n 
takin; 
Conrrottep vacuum distillation with provision for tabe 
taking several fractions is one of the most valuable | —(") lengt! 
methods available for the isolation of pure com- groun 
pounds from distillable mixtures. All too often in 1) § fracti 
the college instructional laboratory the technique is IL ~ upper 
neglected, or performed with a variety of primitive show! 
contraptions. ? : Ne The 
The writer has fabricated apparatus of sufficiently on th 
simple construction that it can be assembled by a an e 
person of average ability in glass blowing—presumably 5 tions 
the college instructor or one of his skilled students OH ; into 1 
(See Figures 1 and 2). Za at the 
The apparatus constructed was worked out with wi with ¢ 
several essential considerations in mind, namely (1) fe E course 
the apparatus should be all glass with standard taper ) It she 
(or spherical) joints, thus eliminating all possible © instea 
contamination from rubber connections, (2) the ap- 7 me impro 
paratus should operate under continuous vacuum - (L J) will b 
such that the distillation does not suffer from inter- 1) rT pe 
ruptions inherent in the usual fraction cutters and the : G f more, 
Nocnan apparatus (see footnote), (3) a short frac- : )\ availa 
tionating column should be incorporated, and (4) the (H . Fur 
column, condenser, and fraction distributor should be = r vision 
of one-piece construction to eliminate leaks as much : sealed 
as possible and to simplify setting up. The last con- fractic 
sideration was based on the premise that vacuum dis- - silvers 
tilling is essentially a more complicated operation Figure 1. Construction Details for Vacuum Distilling Apparatus | fabric. 
than most elementary laboratory processes; hence be cor 
distilling apparatus should be permanently mounted The outcome of these studies is the apparatus pic 
and be ready for immediate use when the occasion tured in Figure 1. Figure 2 shows a similar device USE C 
arises. intended as a fraction cutter for use on a fractionating Sine 
aes as lag aR eae column. into ¢ 
1A somewhat standard operation, which is still in vogue Items required for the construction of both piece helix 
after some sixty years, employs a Claisen flask attached to a . . ‘ 
regular distilling flask as a receiver, the latter being chilled by a of apparatus are described below such 
meandering stream of water and evacuated through the side arm “fract 
which is connected first to a trap and then to a water pump. /tem ee ee De scription" _] design 
manuals of Adams and Jehneon (Macmillan Co, 1949), Boord, 27 B------- Sah tenteed taper joints uninte 
Brode, and Bossert (Wiley, 1949), and Fieser (Heath Co., 1941).] Dp. Reducing ee for thermometer 10/30 to 29/49 paratt 
The grand sum of one contaminated fraction can be collected £E....... West type condenser (200 to 300 mm. long) The 
during a single performance—provided that one’s neighbor does’ F...... . Claisen flask ‘‘T” connection taken from a staMf C]gise 
not cause the water pump to back up by conducting a suction ; ard 500-ml. Claisen flask vertic: 
filtration. More complex assemblies employ fraction cutters, G.... Distributor tube, 8 mm. O.D. ; , 
the design of which has evolved into something of a fine art in H. Connecting tubes (4), 11 mm. O.D. spaced % throug 
research laboratories. An ingenious one is that of Noonan = degrees around flask J - The ¢ 
[Ind. Eng. Chem. Anal. Ed., 10, 34 (1938)] which combines all ‘es ae re i Sate algae made 
necessary functions through a single stopcock, which is however K_ ... 10/30 standard taper thermometer 0—250°C. The t« 
of intricate construction and beyond the reach of the average L...... Connector tube for vacuum pump, 8 mm. tubing 
glass blower. Noonan’s apparatus suffers from a basic weakness, M......... Large bore stopcock 
namely that during the separation of a given fraction and evacua- 0 0 eens oni oe collect 
tion of the next receiver, the distilling flask is temporarily dis- eed areetontedh dena opener 
connected from the pump; inevitably there is an increase in - and t 
pressure in the system and interruption of the distilling process. To the expert, construction of the apparatus WI pulls 
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follow readily from the figures. However, the writer, 
after several bad experiences, considers it worth while 
to give a few detailed directions for the benefit of the 
amateur or occasional glass blower. Of all the connec- 
tions shown, the one most troublesome is likely to be 
the rounded ‘‘T’’ joint F in Figure 1. After several 
attempts I gave up the idea of fabricating my own from 
large diameter tubing, and instead used a section of a 
500-ml. Claisen flask as noted in the table. After 
taking off the side arm of the Claisen flask the upright 
tube was sealed to the thermometer joint A. The full 
length of this joint A is about 130 mm. below the 
ground surface; the combination of the two makes a 
fractionating column of convenient length. At the 
upper end of this column the condenser is sealed, as 
shown. 

The use of the spherical (ball and socket) connection 
on the flask J is a novel feature. By its use the flask 
can easily be rotated to collect several different frac- 
tions and at the same time make perfect connection 
into the delivery tubes. These delivery tubes could 
at the same time be attached to standard taper joints 
with drip tips. This feature would be desirable, but of 
course adds to the cost and complexity of the system. 
It should be mentioned that a spherical flask such as [ 
instead of the commonly used flat Erlenmeyer is an 
improvement in safety of operation, for the flat vessel 
will have much less structural resistance to collapse 
under atmospheric pressure than the sphere. Further- 
more, the spherical joint and flask are commercially 
available as a single unit—an added advantage. 

Further improvements of the apparatus can be en- 
visioned. In a separate model, the writer provided a 
sealed and evacuated insulating jacket around the 
fractionating tube above F (Figure 1) which is then 
silvered for better heat control. The increase in glass 
fabrication difficulties is notable, and for some may not 
be considered worth the hazards involved. 


USE OF A FRACTIONATING COLUMN 


Since many types of fractionating columns have come 
into common use (e. g., the Widmer spiral and the 
helix packed column) vacuum distillation through 
such columns requires a special take-off device or 
“fraction cutter.”” Again with the object in mind of 
designing an easily constructed device that permits 
uninterrupted distillation, the writer has built the ap- 
paratus shown in Figure 2. 

The fraction arising from the column passes into the 
Claisen type side arm and comes into contact with the 
vertical condenser, from which the condensate passes 
through a dropper and falls into the stopcock tube. 
The collection and distribution of the fractions are 
made by exactly the same means as shown in Figure 1. 
The top of the condenser is sealed by means of 10-mm. 
tubing to the spherical male joint which supports the 
collection flask, this tubing at the same time being 
opened through a “T”’ for connection to a manometer 
and then to the vacuum pump. Thus the pump 
pulls simultaneously at the top of the condenser and 
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through the receiver to provide uniform pressure dis- 
tribution. 

The apparatus described has been in service in this 
laboratory for the past year, both for student instruc- 
tion in vacuum distilling technique—for which it was 
specifically designed—and for research purposes, for 
which it is entirely adequate. As an operational 
feature it cannot be argued too strongly that good 
distilling of this type requires a motor-driven vacuum 
pump, unless an unusually high-capacity aspirating 
system is available. All too often the ordinary desk 
aspirator fails at the critical moment. When one uses a 
standard motor-driven pump the usual precautions for 
protecting the pump from water and corrosive vapors 
should of course be duly observed. 

The advantage gained in providing students with 
first-rate distilling equipment was considered worth the 
time required, and the results are recommended for 
other instructors. It may be added finally that single 
installations of such equipment when kept in constant 
use will accommodate the needs of a large number of 
students in rapid sequence, who would otherwise be 
spending a great deal of time setting up the cumbersome 
and crude devices mentioned earlier. 
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Figure 2. Takeoff for Vacuum Distillation Through a Column 
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What the Chemist Should Bring to His Profession: 








Iw constpertNne what the chemist should bring to his 
profession we should concern ourselves with those char- 
acteristics which are to be developed and improved in 
the individual, rather than fundamental aptitudes. 
We may take for granted that inherent talent for physi- 
cal science exists in the individual together with the 
evidences of such talent, such as avid interest, willing- 
ness to work, and scholastic success in key subjects. 
There is no subsitute for natural aptitude, but there is 
considerable choice in how that aptitude is exercised 
and developed. 

Perhaps there is no profession, aside from home- 
making, that entails as varied a set of operations as that 
of the chemist. The home-maker is successful to the 
degree that she can work with her hands at a multitude 
of things, analyze problems of all magnitudes, be at 
once a gracious hostess and servant, and be at home in a 
hovel or a castle. The chemist may not have even a 
choice of materials with which to work but must be 
adaptable to any circumstance, as was one of our stu- 
dents who majored in foods and biochemistry and was 
employed in a cement plant. He may work in labora- 
tory or plant, in an office or library, in a white collar or 
overalls, alone or closely associated in a team; and the 
members of the team may be chemists, engineers, la- 
borers, clerks, bosses, or helpers. What manner of per- 
son, what kind of training and experience is the most 
suitable to unforeseeable requirements? Not a single 
kind of person nor a single kind of training will do, ex- 
cept as we can designate those features of personality 
and education which are common backgrounds for all 
activities. 

I recall a few weeks ago asking a student to present 
himself for an interview with a potential employer. 
His response was, “I shall have to return home to 
change my clothes if I go today.’’ He was attired as is 
the normal California sophomore. On another occasion 
I visited an industrial plant and met a former student, 
now in his thirties, in overalls. He excused himself say- 





1 A symposium presented at the University of California, 
Berkeley, on Feb. 12, 1951. 
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THE IMPORTANCE OF A LIBERAL OUTLOOK 


THOMAS D. STEWART 
University of California, Berkeley, California 


ing I had caught him setting up a pilot plant he had de. 
signed. 
wants to be presentable? To me it suggests that thes 
men have a sense of the fitness of things and do not want 
to be misjudged. They will conform as the job r. 
quires, or convention dictates, and they want it under. 
stood that it is never too much trouble to dress, either 
for dinner or a dirty job. The problem of conformingis 
often not one of willingness so much as awareness. 
What is proper under given circumstances and how can 
one know? Good taste in dress, in manners, in speech, 
in deportment may seem incidental to being an artisan, 
but the qualities of good taste and a sense of fitness 
mark one as sensitive to what is good and bad, whether 
it be in technical work or normal living. One has a 
chance to develop and display his attributes of mind # 
home, in recreation, in social gatherings in as great 4 
degree as in his professional work. One could urge 
that the chemist as a person should bring to his pro- 
fession as broad a social experience as possible, to the 
end that he will understand those with whom he i 
thrown in contact and not be misunderstood himself. 

Often I hear from personnel men: ‘We are all con- 
genial here, do a lot of mutual entertaining in our 
homes. We want a man who will fit in.’’ One con- 
pany I know puts a premium on so-called cultural inter- 
est among its technical staff. Why are these things 
important? Because in work at the professional level 
one is not measured by the number of cords of wood cut 
per day, but by the quality and soundness of work and 
ideas. It is easier to convey ideas clearly to a man you 
know than to a stranger; one gets to know a man only 
through diverse contacts, not through the limited com- 
munion available from technical subject matter and 
technical language. One could urge development 0 
bona fide interest in the humanities. Fortunately this 
does not detract from an adequate professional training, 
as it need not depend on formal educational facilities 
nor involve expenditure of money. It does have to be 
worked at, and it must be fun. 

If I seem to underemphasize professional training iti 
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What implications are there here that a maf 
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through the hope that others have been explicit in sug- 
gesting specific fields of work. I was once impressed 
by an industrialist who came our way looking for men. 
[ asked: ‘For what. kind of work are they needed?” 
He answered: “I do not know for sure, but we are 
shorthanded. Last year I went east for men with spe- 
cific training, but this year our problems are as yet in- 
definite and we have found your graduates more gener- 
ally adaptable.’”’ So this is the scope of our task; to be 
professionally educated one must be prepared to do 
anything, at least be prepared to learn anything. 
Perhaps an educated person is merely one with a high 
capacity to learn; if, in addition, he has sure reliance in 
his techniques and good judgment, he will go far. And 
how does one achieve a decisive judgment? By prac- 
tice. Aman who has never learned a complicated set of 
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facts with certainty does not know what it means to 
know; if he has never performed a task with speed and 
precision he does not have the feel for work done ade- 
quately; if he is right only now and then, never sure of 
himself, his judgment is not trustworthy. So one may 
urge a high standard of achievement through elemen- 
tary school, high school, and college, not for itself alone 
but for the basic training it implies. Not excellence 
and sureness uniformly at all points, but an experience 
with perfection which permits a man to say, “I know” 
and be right, is the goal. And if he can adopt this atti- 
tude toward his professional work and be inept in 
speech, careless in appearance, and unaware of the cul- 
tural vaiues of his civilization, he runs the risk that the 
quality of his professional work may be misappraised 
and his judgment questioned. 


o WORKING FOR THE GOVERNMENT 


Tue answer to the question, “‘What should a chemist 
bring to his profession?’ depends upon the type of work 
he is expected to perform. For example, one would 
certainly not look for the same characteristics in a can- 
didate for a routine position as compared to one in which 
the candidate is to work as an assistant on a research 
project. Since my own experience has been concerned 
with research investigations in specialized fields of 
physics and physical chemistry, my remarks will be 
confined to the characteristics which I consider a chem- 
ist should possess if he is interested in working as a part 
of a research team. 

As my phase of the discussion is concerned only with 
candidates seeking employment in Government re- 
search laboratories, it is appropriate to mention that, to 
a large extent, the choice of candidates is made for us 
by the U. S. Civil Service Commission. This com- 
mission periodically gives examinations for the various 
professional grades. To be a candidate for a position in 
a Government laboratory one has to pass such an exami- 
nation successfully. In general, a position must be 
filled by one of the three top candidates on the eligi- 
bility list. On this account, our choice of candidates 
for any given position is limited. 

Fortunately, there is a high degree of correlation 
between scholastic ability and other desirable char- 
acteristics; consequently in normal times it can be 
anticipated with considerable assurance that those who 
make good grades in the Civil Service examination will 
also be well qualified in other respects. 

There are so many characteristics which are impor- 
tant that it is impossible to mention them all. The 
qualities of honesty, integrity, and loyalty, for ex- 
ample, are necessary characteristics for a chemist. 


K. 5}. PALMER 
Western Regional Research Laboratory, Albany, California 


These qualities, and similar ones, I will take for granted, 
and concern myself only with those which I think a re- 
search chemist should have, perhaps to a higher degree 
than required in many other fields of endeavor, if he is 
to be a success in his chosen profession. 

There are four that I consider most important. They 
are intellectual curiosity, initiative, the ability to co- 
operate with others, and enthusiasm for his work. In 
addition, it is preferable that he have good basic train- 
ing in chemistry and also in physics and mathematics. 

All research chemists should possess these qualifi- 
cations, at least in some degree, regardless of whether 
they work in an academic institution, for industry, or 
for the Government. 

Any chemist who has developed these characteristics 
cannot help but be a success. New problems presented 
to him, as they surely will be in any live research or- 
ganization, will be a challenge to him, and, because he 
is curious and likes to work at his profession, he will 
soon make important contributions to the progress of 
the research project. 

Of the qualifications mentioned above, the ability to 
get along with people should not be underestimated. 
Research projects in Government laboratories are, al- 
most without exception, attacked by research teams. 
This is necessary because of the difficult nature of the 
problems under investigation and the complexity of 
apparatus now used in a modern research laboratory. 
It is therefore essential that a chemist working in a 
Government laboratory be a person who can work well 
with others. It takes only one disgruntled member to 
block the output of the whole group. 

Although good basic training in chemistry is valu- 
able, I think that in the long run, it is more important 
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to possess the desire to learn, coupled with some initia- ord is, in my opinion, a more promising candidate tha, § YOU 
tive and the capacity for doing work. We have several one who does not possess these qualifications regard. shar 
examples at the Western Regional Research Laboratory _ less of how well he did in his classroom work. In gen. § Pe 
of people who started in Government service as sub- eral, of course, it turns out as one would expect: thoy § ie" 
professionals, but who now hold important positions on with good scholastic records usually possess the othe — 2° 


our research staff. These men succeeded in spite of the qualifications in the highest degree. one | 
fact that they originally lacked good basic training, In conclusion it can be stated that a chemist who ep.§ YOU! 
mainly because they possess the qualifications under joys using his intellect, applies himself, and cooperate: § 8° 
discussion. with both his supervisors and co-workers, will not only scho 
Any young chemist who has developed these same be successful, but, in addition, will be an asset to his} S°€™ 
characteristics and has only an average scholastic rec- profession. tool: 
paci 
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It Takes all kinds of people to make a world and it assistance of others to improve yourself. Above all, ree- 
takes all kinds of chemists to make the industrial world, ognize what you are best suited to do and make every 
but whatever kind of chemist you are or expect to be, effort to use this in its most constructive form in in- 
industry expects you to do a first-class, top-notch job of | proving your productivity for the company. 
it. Straight thinking is the key to sound action. Indus. 
Industry takes for granted, once you have entered its try desperately needs thinking men. As a chemical 
ranks, that you come well-grounded in science, and al- engineer, perhaps I may be permitted to use someone's TH 
though it would be possible to use this time for discus- _ bitter definition of an engineer as “a man with a slideh pq, 
sion of college curricula, I prefer to discuss what is ex- rule and a formula to substitute into.’’ That remark is 


he 

pected of chemists other than a good knowledge of a warning that we must be mentally alert. New situ- i 
science, which we will presume they have already ations constantly arise and must be met by straight poi 
Jearned upon entering our profession. What industry basic thinking which goes beyond a mere application this 
expects beyond this scientific knowledge is that you will of known scientific knowledge. The formula of the} the 
fit in and be a valuable member of the team; that you past probably will not work. Me 
will develop and utilize your natural abilities and strive Thinking in advance is especially important. Iti} ¢hj, 
to overcome your deficiencies; that you will think con- essential to the proper presentation of ideas. Much Bo: 
stantly; that you will think straight and think in ad- _ has been said of the art of writing reports; arrangement} — the 
vance; that you will express yourself clearly, pointedly, of subject matter, form of tables, etc. In our orgami- fev 
and objectively; that you will show initiative and follow zation we are not greatly concerned whether a man has vol 
through; and that you will be loyal to your company — been exposed to this specialized training; we can teach} — jnq 
and your associates. In short, industry expects you to him our own practice after he comes to us. We ar, we: 
bring to the organization the lift that comes from a high however, greatly concerned that a man develop the} no 
standard of character and performance realized from clear, straight thinking necessary to any presentation r 
day to day. either oral or written. To do this it is most important the 
Let us take these points in turn. that he be able to express himself well in speaking in pal 
To fit in you should be adaptable, considerate of your order to convey his ideas well. He should be able to pre 


associates, reasonable, and fair. These qualities should present a problem and develop new material logically we 
be used to make you popular in the high sense, the sense and pointedly, with proper consideration of all the as Yc 
of reciprocal give and take that makes the industrial pects and possibilities, and to arrive objectively at his 


val 
world tick. Strive at all times to be admired by your conclusions. ha: 
associates for more than your brilliance or knowledge of The practice of continued thinking is a means of ex ve; 
chemistry alone. These personal attributes are equally _ ploiting your scientific knowledge. The man who has4 - 
as important as the adequacy of your scientific training. lot of encyclopedic scientific knowledge but does not fas 

As individuals, we must work with our natural en- use it is valueless. The use of the mind asa Fort Knox} .y, 
dowments, but we can build upon our strong points, our for knowledge is not half so important as accumulating 4 on 
special abilities, and take stock of our shortcomings to small fund of knowledge and investing it to advantage inc 
overcome them as far as possible. You are expected to day by day. The returns are far greater. You can be- th 
take a fair assessment of your own abilities constantly come a good carpenter with simple tools, and although sv; 


and to recognize your deficiencies as well as accept the they seem to you not very high-powered, they will serve 
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you well. You should use them often and they will be 
sharpened rather than dulled by constant use. 

Perhaps the most difficult of all characteristics to 
identify in a member entering our profession, prior to 
actual trial, is his capacity for work, and it is probably 
one of the most overlooked requirements in training for 
your profession. Everyone should strive to achieve 
greater amounts of successful accomplishments by 
schooling himself in objective and clear thinking. It 
seems to me that decisiveness and confidence are two 
tools we must exploit the most to obtain maximum ¢ca- 
pacity for work. 

Initiative is a quality often lacking and often con- 
fused with personal ambition. Initiative is associated 
with loyalty: it gives more than is asked, it unfolds the 
job, putting something new and valuable into it. By 
using initative you associate yourself with the progress 
of your company and industry, and thus move ahead 


s IT’S YOUR DIVISION 


Tue Boston Meeting of the Division of Chemical 
Education consisted of the fewest number of papers in 
the recent history of the Division. Only six papers were 
given and many members of the Division were disap- 
pointed by the lack of a fuller program. The reasons in 
this particular case are fairly obvious. Deadlines for 
the arrangement of the 75th Anniversary New York 
Meeting had been set so early that the program for 
this meeting actually had to be completed before the 
Boston Program was outlined. Seven symposia to fill 
the New York Program had to be arranged within a 
few months. The Boston Meeting, it was decided by 
your Executive Committee, would consist only of 
individual papers, partly because so many symposia 
were being arranged for New York and partly because 
no individual papers would be permitted in New ‘York. 

The minimal offering in Boston resulted also from 
the hope of many members that they would be able to 
participate in the New York meeting. Even though the 
program was necessarily already completed, suggestions 
were received for two additional symposia for New 
York and several individual papers. These suggestions 
came in after the deadline for the Boston Meeting and 
had to be postponed until the spring of 1952, over a 
year away. 

In the light of this experience it would appear that 
further publicity concerning submitting papers and 
symposia suggestions for national meetings might be in 
order. Had the members known of the ruling against 
individual papers in New York it is almost certain that 
the spring program would have been fuller. If the 
symposia deadlines had been more widely known some 
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yourself. Do not ever expect to boost yourself or your 
profession by fulfilling prescribed duties only. One 
other quality is especially worth mentioning: follow- 
ing through, or seeing to it that every job begun is 
brought to a prompt, successful conclusion. No ball 
games are won by players left on third base, and no 
industrial plays amount to much if the answers are not 
accurate, complete, and available when needed. Con- 
scientiousness is thus another expression of loyalty and 
carries the same reward; you are identified with suc- 
cessful work in the minds of all concerned. And most 
important, loyalty can be thought of as respect, esteem, 
and even affection, for the company that employs you; 
it is a family relationship that identifies you with the 
organization as a responsible member. In this identi- 
fication you think, “‘we,’’ not “they” or “it’’; and if for 
some reason you cannot have this feeling, it is unlikely 
that you can fulfill what your company expects of you. 


DIVISION OF CHEMICAL EDUCATION 
of the American Chemical Society 


of those papers suggested recently might well have been 
offered in Boston. 

It will probably be 25 years before another meeting 
will be held which will disturb the normal course of 
events as did the New York gathering but it might well 
be profitable to explain here the general method by 
which programs are collected. 

The submission of general papers is adequately de- 
scribed in the preliminary programs which appear in 
Chemical and Engineering News some five months be- 
fore each scheduled meeting. The source and organiza- 
tion of symposia is not so clearly defined. Suggestions 
for symposia originate in two places—from the individ- 
ual members and from the Executive Committee of 
the Division. In either case the Executive Committee 
then chooses some person who is well known for his 
work in the field to be covered and asks him to organize 
and conduct the symposium. In general, symposium 
papers are directly solicited by the organizer of the 
symposium but occasionally an open symposium will be 
held to which individuals may submit papers. 

The next meetings of the Society for which papers 
and symposia will be solicited are scheduled for the 
spring of 1952. These meetings will be held in Mil- 
waukee and Buffalo, probably near the beginning of 
April. If you are interested in preparing or hearing ¢ 
symposium on any particular topic at either of these 
meetings, now is the time to let our Divisional Secretary 
—Paul H. Fall, Hiram College, Hiram, Ohio—know 
about it so that the matter may come up before the 
Executive Committee. 

J. A. CAMPBELL, Chairman 











OFFICIAL BUSINESS 


MEETINGS 


The 259th Meeting of the New England Association 
of Chemistry Teachers was held at St. George’s School, 
Newport, Rhode Island on February 10, 1951. Leslie 
B. Coombs, Chairman of the Southern Division, pre- 


sided. Forty-nine members and guests signed the 
register. William P. Elliott, Head of the Science 


Department and Assistant Headmaster of St. George’s 
School, welcomed the Association to the campus. 

The first speaker of the day was Francis Tripp, 
Professor of Chemistry at the New Bedford Textile 
Institute, who spoke on ‘‘Textile microbiology.”” Mr. 
Tripp discussed a number of tests which are made to 
determine the effectiveness of fungicides which are 
used in the treatment of textiles, and discussed in con- 
siderable detail the way in which these tests are carried 
out, as well as various fungicides which are used. 

W. K. Lydic, Chief Chemist at the Owens-Corning 
Glass Works in Ashton, Rhode Island, discussed glass 
products in general and the uses which are made of 
textile fibers of glass. He brought with him a great 
many samples of products which are now on the market 
which utilize these glass fibers in new and interesting 
ways. He also issued an invitation to interested 
groups to visit the Ashton plant in order to see some 
of the research work which is going on. 

After a delicious luncheon, served in the refectory, 
the afternoon session opened with a business meeting 
with the President, Helen W. Crawley, presiding. 
For the Membership Committee, it was reported that 
the total membership as of this date was 502 as com- 
pared with a membership of 495 at a corresponding 
date in 1950. The following additions to the roster 
were announced: 


Seward E. Beacom, Assistant Professor of Chemistry, Teachers 
College of Connecticut, New Britain, Connecticut. 

Ralph E. Brierley, Teacher of Chemistry, Cranston Senior 
High School, Cranston, Rhode Island. 

Robert V. Dooley, Instructor of Chemistry and Mathematics, 
David Prouty High School, Spencer, Massachusetts. 

Standish B. King, Assistant Dean, Western Massachusetts 
School of Pharmacy, Springfield, Massachusetts. 

Dr. Vernon K. Kreible, Scoville Professor of Chemistry, Trinity 
College, Hartford, Connecticut. 

Anna Mae Martin, Instructor in Chemistry, Regis College, 
Weston, Massachusetts. 

James Mickles, Instructor in Chemistry, Massachusetts College, 
of Pharmacy, Boston 15, Massachusetts. 


Bernham P. Miller, Head of Science Department, Norton High 
School, Norton, Massachusetts. 
Thelma B. Roberts, Teacher of Chemistry, Biology, and General 
Science, Woodward School for Girls, Quincy, Massachusetts. 
George W. Seabury, Master, Hyde Park High School, Boston, 
Massachusetts. 

Ruperto Solimon, Chemistry Instructor, Lagaspi Junior Colleges, 
Lagaspi City, Philippines. 

Frederic Lincoln Steele, Instructor in Science and Mathematics, 
St. Mary’s in the Mountains, Littleton, New Hampshire. 

Dr. Luke E. Steiner, Professor of Chemistry and Head of the 
Department of Chemistry, Oberlin College, Oberlin, Ohio. 

Dr. J. Arndt Weicksel, Assistant Professor of Chemistry, 
Middlebury College, Middlebury, Vermont. 

John H. Wolfenden, Professor of Chemistry, Dartmouth College, 
Hanover, New Hampshire. 


The Treasurer of the Twelfth Summer Conference 
made his report, an abridgement of which follows. 
Cash on hand 3/23/50..... 
Receipts: 
Registration fees and accommodations $1635.90 
Advertisement on program. 40.00 
SS ere a 17.00 
Total receipts and cash. . 


..$ 646.14 


1692.90 
. $2339.04 


Expenses: 
Transferred to general treasury. . $ 146.14 
Printing, programs, etc. . 310.14 
Meals and lodging.... . nae 1055 .07 
Social events.............. 35.43 
Dues ef new members, transferred to 

N.E.A.C.T. treasurer aes cnlees 84.00 


Key refunds, ete....... ~~ ree 
Miscellaneous office expenses... .. . . 32.48 

Total expenses. . 
Balance 1/1/51...... 


1772.76 


.$ 566.28 


The Executive Committee authorized the Curator 
to procure necessary equipment to file newspaper and 
other clippings dealing with NEACT affairs. The 
Committee has also reinstated the wartime category 
of deferred membership for those members who enter 
the armed services and other members who, in the 
opinion of the Executive Committee, belong in this 
category. Dues are remitted for deferred members 
who will receive notices and the News Letter, but not the 
JOURNAL OF CHEMICAL EpuCcATION unless they elect 
to retain active status. 

It was voted that the thanks of the Association be 
extended to Dr. Eccles and St. George’s School for the 
delightful hospitality extended on this occasion. 
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Upon the completion of the meeting, members of the 
Association were conducted over the school, visiting 
the dormitories, laboratories, and famous chapel. 


The 260th Meeting was held at the Pomfret School, 
Pomfret, Connecticut, on March 24, 1951. Carl P. 
Swinnerton, Chairman of the Western Division, pre- 
sided and presented Dexter K. Strong, Headmaster of 
the Pomfret School, who greeted those present. 

The first paper of the morning by Oliver L. Baril 
of the College of the Holy Cross dealt with ‘‘Vocational 
aspects of clinical techniques.” Professor Baril em- 
phasized especially openings in related fields for 
chemists with a biological slant, and indicated that 
there are many opportunities for students with special 
training to obtain positions as medical technicians, 
office assistants to doctors, pharmacists, etc. 

Verne Williams of the University of Connecticut 
spoke on “The defense against atomic weapons.” 
Professor William Orr, who was originally scheduled 
to give this address, was ill and Professor Williams, 
who is particularly interested in civilian defense, 
presented a very clear picture of the various effects 
of atomic bombs, the types of bursts, the dangers from 
each type, and possible protective measures. 

After a luncheon at the Ben Grosvenor Inn, the busi- 
ness meeting was opened by the President, Helen W. 
Crawley. For the Membership Committee, the Secre- 
tary presented the following new members: 


Dr. Saul G. Cohen, Associate Professor of Chemistry, Brandeis 
University, Waltham, Massachusetts. 

Paul N. Dargie, Chemistry Teacher, Pawtucket Vocational High 
School, Pawtucket, Rhode Island. 

Edward J. Desmarais, Chemistry Teacher, Rockport High School, 
Rockport, Massachusetts. 

Dr. Adolphe Furth, Chairman of the Department of Chemistry, 
Assumption College, Worcester, Massachusetts. 

Dr. Thomas O. Jones, Associate Professor of Chemistry, Haver- 
ford College, Haverford, Pennsylvania. 

Paul M. Moulton, Teaching Fellow, Tufts College, Medford, 
Massachusetts. 

Sister Mary of St. Jeanne of the A, Chemistry Teacher, St. 
Anthony’s High School, New Bedford, Massachusetts. 

Sister Mary Thomas, Chemistry Instructor, Matignon High 
School, Cambridge, Massachusetts. 


W. George Parks of the Chemistry Department, 
University of Rhode Island, spoke briefly to the 
meeting, extending again a very cordial invitation to all 
persons to attend the Summer Conference. He 
announced that in so far as possible, people doing 
demonstrations would be supplied equipment and any 
materials needed. The University this year is once 
again holding its chemistry contest to stimulate in- 
terest in chemistry in the State of Rhode Island. 

Upon motion it was voted that the Secretary be 
instructed to extend to Mr. Strong and to his Board 
of Trustees the gratitude of this Association for the 
very generous hospitality shown us. 

The first speaker of the afternoon session was Ray- 
mond H. Wallace of the University of Connecticut. 
His lecture on the production of variations in plants 
and animals by ultrasonic vibrations was illustrated 
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with colored slides, and also by living plant material 
which Professor Wallace brought with him. 

In the second paper of the afternoon, Professor Ralph 
Bushnell of the University of Connecticut discussed 
various physical and chemical means which have been 
used to alter the genes of Drosophila. This lecture, 
too, was illustrated by slides, which showed very clearly 
the changes which take place in the chromosomes. 


SUMMER CONFERENCE 


THE New England Association of Chemistry Teachers 
announces that the Thirteenth Annual Summer Con- 
ference will be held during the week of August 19th on 
the campus of the University of Rhode Island. A sym- 
posium on the teaching of chemistry, with emphasis on 
science in general education, a workshop on pupil- 
participation in chemical demonstrations as classroom 
projects, and a demonstration of equipment used in re- 
search on radioactive materials have been scheduled. 
At the time of going to press, papers by prominent 
chemists had also been arranged for as follows: ‘‘Con- 
sulting chemistry as an example of industrial research,”’ 
by Cornelia T. Snell, Foster D. Snell, Inc., New York; 
“Some biochemical aspects of the cancer problem,’ by 
George W. Kidder, Amherst College; ‘““The chemistry 
of pyrazolones,”’ by Paul E. Gagnon, Laval University, 
Quebee City, Canada; ‘What the Portland Cement 
Association is and what it does’’; “Industry and the 
promising young chemist,’”’ by 8. E. Q. Ashley, General 
Electric Company, Pittsfield, Massachusetts. Other 
topics include the medical aspects of nuclear radi- 
ation. As usual, the NEACT will be guests of one of 
the pleasantly located rural universities of New Eng- 
land where adequate scientific facilities and recreational 
advantages abound. The location of the University of 
Rhode Island, near the seashore in South County, is 
very well suited for the conference. There is a lake for 
swimming on the campus, several good golf courses 
nearby, surf bathing at Narragansett Pier and at the 
state beach seven miles away. Tennis courts will be 
made available. The meetings will be held in the new 
chemistry building and the conferees will be housed in 
dormitories across the street, where cafeteria meals will 
be provided. The fees for members will be as follows: 
registration fee, prior to August 1, $3.50; after August 
1, $4.50. Dormitory fees will be $1.50 per person per 
night. Non-members will pay an additional fee which 
includes membership in the NEACT and a subscription 
to the JouRNAL oF CHEMICAL EpucaTIon, which goes 
with membership (with suitable adjustments made to 
present subscribers). In addition, an active social com- 
mittee has arranged a Rhode Island clam bake, a sum- 
mer theater party, and social evenings. For wives and 
families, who will be most welcome, there will be ar- 
ranged trips to historical sites and antique shops. 
(Such non-professional guests are accepted at a sub- 
stantially lower registration fee.) For further infor- 
mation, write to the Conference Secretary, Miss 
Elizabeth Sawyer, Connecticut College, New London, 
Connecticut. 
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To the Editor: 

This letter is intended as a commentary on the article 
entitled ‘An historical approach to the teaching of 
science” by Leonard K. Nash, in the March, 1951, issue 
of the JouRNAL oF CHEMICAL EpucaTION. 

(1) The reference to Velikovsky is unduly vicious, 
and ill-fitting both the author of the paper and the 
ambition of it. It seems to me that this stunted com- 
ment is altogether incompatible with the intent of the 
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essay and ridiculously dipole to what they are trying 4) 
teach at Harvard. I might ask Mr. Nash whether he 
has read Velikovsky himself! 

(2) Concerning the hope for the successful teaching 
of science to nonmajor students by this historical ap 
proach: I have commented on this elsewhere (see my 
review in School Science and Mathematics, February 
1951). I do not believe that nonscience majors can ge: 
much out of this. A proper understanding of the scieng 
involved demands much more than the student ¢ay 
bring to it. An appreciation of the entanglement oj 
fact and fancy is even further impossible fora studen 
who knows no basic science. An inquiry of this sor 
would do beautifully in a senior seminar for scieng 
majors to which is brought an exacting knowledge ¢ 
scientific facts.” And indeed it is the science major 
who need just this humanistic approach! 


‘“ 


JULIUS SUMNER MILLER 
DILLARD UNIVERSITY 
New ORLEANS, LOUISIANA 


Keceut- Gooke 


* APPLIED NUCLEAR PHYSICS 


Ernest C. Pollard, Professor of Physics, Yale University, and 
William L. Davidson, Director of Physical Research, The B. F. 
Goodrich Co. Second edition. John Wiley and Sons, Inc., 
New York, 1951. ix + 352 pp. 93 figs. 15 X 24cm. $5. 


Tue first edition of this work was a welcome primer for many 
nonphysicists who were attracted to nuclear science a few years 
ago. The enthusiasm and eloquence of the authors made the 
reading of this book both pleasant and instructive. This second 
edition represents an effort to take account of the tremendous 
progress of the intervening years and yet to remain ‘‘of service to 
the growing army of scientists and engineers, who, though not 
necessarily versed in the language of physics are using the prod- 
ucts of nuclear physics. .. .”’ 

The total amount of text in the new edition is approximately 
50 per cent greater, but with the exception of Chapters I (Intro- 
ductory) and VIII (Artificial Radioactivity in Practice), which are 
revisions of the same subject matter, the material of the first. edi- 
tion is mostly retained intact. A new chapter on nuclear chain 
reactions is added and considerable additions are made to Chap- 
ters IV (Accelerating Atomic Particles), V (Transmutation), X 
(Nuclear Fission), and in Chapter XII on cosmicrays. Five new 
appendixes are added on atomic masses, elementary pile theory, 
neutron diffraction, cross-sections, and experiments. 

The large retention of material and method of presentation 
from the first edition obviously preserves most of the virtues of 
that work. The new material is of course largely devoted to de- 
velopments of recent years and appears to give a balanced pic- 
ture of nuclear physics today, although this is done at a somewhat 
higher level than the treatments carried over from the first edi- 
tion. Perhaps this is intended to further the second objective 
of the authors ‘‘to make this a useful textbook in nuclear physics.” 
It would indeed be surprising to find a book which could serve 
both purposes, and certainly the first edition found its main use 
in service to nonphysicists. 

In retaining substantially unchanged a large fraction of the 
first edition, the authors have unfortunately kept most of the 
vices as well as the virtues of that work. Such substantial short- 


comings as the erroneous description of Geiger action, the im 
proper distinction between chemical and nuclear reactions, the 
apparently facetious suggestion that one test the silver in one’s 
pocket after standing near an operating cyclotron, the confused 
discussion of nuclear isomerism and internal conversion, and th 
unsatisfactory discussion of absorption of radiations all remain 
practically intact from the first edition. Perhaps such aberm- 
tions should be overlooked in view of the obvious general appea 
of a book written in so engaging a fashion. 


RUSSELL R. WILLIAMS, JR. 
UNIVERSITY OF NotRE DAME 
Notre Dame, INDIANA 


* THEORY OF ELEMENTARY CHEMICAL ANALYSIS 


Thomas H. Whitehead, Professor of Chemistry, The University 
of Georgia. Ginn and Co., Boston, 1950. vi + 233 pp. 11 figs. 
22 tables. 15.5 X 24cm. $2.75. 


“Tuts book is written for the student in a first course in il- 
organic qualitative analysis,” presumably one given as part 0! 
the work in first-year general chemistry. ‘Its primary purpos 
is to guide the student to an understanding of the theoretical 
principles upon which any scheme of inorganic analysis is based.” 

The material presented in realizing this purpose consists of 4 
review of atomic and molecular structure, mathematical oper 
tions, properties of solutions, and ionization; calculational work 
on the usual aspects (including redox) of equilibrium theory 
a brief survey of colloids; and an outline of the reactions of the 
common cations and anions. In this latter section a survey af 
the reactions and procedures is given, with reasons for many 0 
the operations and precautions in the scheme of analysis, but tht 
information is not intended to be sufficiently complete to serve 
as laboratory working directions. The book “emphasizes the 
growing interest in semimicro methods, complex inorganic com 
pounds, and the use of organic reagents in inorganic analysis.” 

The aims of the text are realized quite satisfactorily. The 
coverage is adequate, the discussions on the whole are sufficiently 
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complete, and are lucid enough to be meaningful even to the 
first-year student. 

There are, however, places where inaccuracies have crept in, 
presumably in the interest of simplicity. The author of an ele- 
mentary text of any sort steers a narrow channel between un- 
justifiable inaccuracy and unintelligible complexity; it is almost 
inevitable that he will be accused of the former by reviewers and 
of the latter by students. Nevertheless, this reviewer feels 
that such statements as (page 21) ‘‘polar compounds and electro- 
valent compounds are the same” and (page 22) ‘“‘such com- 
pounds are called nonpolar compounds or covalent compounds”’ 
are harmfully misleading and could have been made more ac- 
curate without becoming incomprehensible to beginners. Simi- 
lar are the statements (page 63) that the specific conductance 
“represents the conductance of 1 cubic centimeter of solution” 
and (page 90) that ‘‘the pH system . . . does not measure solu- 
tios which are more concentrated than 1 M. Thus a 4 M 
solution of HC] cannot have a pH value.’”’ Exception can also 
be taken, even at the elementary level, to some of the solubility 
rules (page 99): ‘‘All metallic hydroxides (and sulfides) are very 
insoluble in water except those of sodium and potassium. All 
ammonium compounds are soluble in water except (NH4,)2- 
PtCle and (NH,)2NaCo(NOz)..” Relatively slight revision of 
some of these statements would eliminate most of the objections 
and increase the acceptability of the book to many potential 
users. 

A valuable feature of the book is the inclusion of numerous 
solved examples of the various types of calculations. Additional 
problems and questions are given at the end of each section. 
Tables of logarithms and antilogarithms are included. 

In appearance, typography, and binding the volume maintains 
the high standard we have come to expect of its publisher. 


T. H. DUNKELBERGER 
Duquesne UNIVERSITY 
PITTSBURGH, PENNSYLVANIA 


# ELEMENTS OF OPTICAL MINERALOGY. PART II: 
DESCRIPTIONS OF MINERALS 


Alexander N. Winchell, Emeritus Professor of Mineralogy and 
Petrology, University of Wisconsin, and Horace Winchell, 
Assistant Professor of Mineralogy, Yale University. Fourth 
edition. John Wiley and Sons, Inc., New York, 1951. xvi + 551 
pp. 427 figs. 15 KX 23.5cm. $12.50. 


Tue fourth edition of this compilation of optical data on 
minerals is most welcome to the many who have been using the 
third edition, now 18 years old. A. N. Winchell has had the 
aid of his son, Horace Winchell, in making this fourth edition. 

Chief among the advances in mineralogy over the past two 
decades have been the further elucidation by use of X-rays of 
the crystal structure of minerals, the development of a more 
logical classification of minerals, and the further determination of 
isomorphous relations in many of the mineral groups. These 
have been incorporated in the new edition. 

Optical properties are among the most useful of characteristics 
for the identification of nonopaque minerals and solids generally. 
A few minerals, such as quartz (SiOz), have simple and fixed 
chemical compositions. Much more commonly, however, 
minerals have complete or limited isomorphism or chemical 
substitution, and many mineral groups show chemical variations 
in several directions between the various end members. The 
Winchells have long urged this view of minerals and they em- 
phasize it in this book. Where the isomorphous variations are 
not too complex it is possible to relate optical properties to 
chemical composition as determined from analyzed specimens 
and to draw curves depicting the relationships. These com- 
monly make it possible to learn as much from a few optical de- 
terminations, such as index or indices of refraction, birefringence, 
and optic sign as would be learned from a rather laborious chemi- 
«al analysis. These methods are equally applicable to solids 
formed in the chemical laboratory. The authors have shown 
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considerable ingenuity in constructing diagrams to show varia- 
tions between end members of complex isomorphous groups and 
have written an introductory chapter describing the types of 
diagrams used. Some of the diagrams seem too complex to be 
helpful, however. 

Other data supplied for the minerals in this compilation include 
crystal relations, space group, unit cell, specific gravity, hard- 
ness, chief chemical tests, indices of refraction, optic sign, optic 
angle, birefringence, pleochroism, dispersion, optic orientation, 
alterations, geologic occurrence, and diagnostic characters. 

The publishers have done an excellent job of printing. Con- 
sidering the vast amount of data presented and the many tech- 
nical symbols used, the book seems remarkably free of typo- 
graphical errors. Most of us dislike to pay $12.50 for one volume 
of a three-volume set, but the price is probably not excessive for 
a book of this size and kind. 

The other two volumes of this set are Part I: ‘Principles and 
Methods,” fifth edition, and Part III: ‘‘Determinative Tables,”’ 
second edition. 


ALONZO W. QUINN 
Brown UNIVERSITY 
PROVIDENCE, RuHopE ISLAND 


a ORGANOPHOSPHORUS COMPOUNDS 


Gennady M. Kosolapoff, Associate Professor of Chemistry, 
Alabama Polytechnic Institute. John Wiley and Sons, Inc., New 
York, 1950. vii + 376 pp. 15 X 23.5cm. $7.50. 


Tuts text is the first in English which attempts a comprehen- 
sive review of the chemistry of organic phosphorus compounds. 
In view of the increasing importance of this field the author has 
made a timely and important contribution to the literature of 
organic chemistry. All information on known phosphorus com- 
pounds available up to January, 1949, is incorporated in the body 
of the text and the literature from this date to January, 1950, is in 
an appendix at the end of the book. 

This book is designed for the organic chemist, and despite the 
current biochemical interest in organophosphorus compounds 
those substances of biological importance whose structures are 
not firmly established have not been included. It is difficult to 
reconcile Professor Kosolapoff’s recognition of the significant role 
of these substances in biological phenomena with his statement 
that ‘‘an attempted summary of them at this time would become 
obsolete even during the course of its preparation.” 

The classification of organophosphorus compounds employed 
in this book is shown by the chapter titles: Phosphines and Re- 
lated Compounds; Halophosphines; Halophosphine Halides and 
Phosphony! Halides; Quaternary Phosphonium Compounds; 
Tertiary Phosphine Oxides, Sulfides, and Selenides; Phosphinous, 
Phosphonous, and Phosphonic Acids, their Sulfur Analogs and 
Esters; Phosphites and Thiophosphites; Phosphates, Halophos- 
phates and Thio Analogs; Compounds with Phosphorus to Nitro- 
gen Bonds; Quasi-phosphonium Compounds; Derivatives of An- 
hydro Acids. 

The material in each chapter has been arranged systematically 
according to a general plan in order to facilitate locating informa- 
tion. The initial statement is a definition of the class of com- 
pounds considered in the chapter. This is followed by a detailed 
discussion of the synthetic methods used for this class of com- 
pounds. Each distinctly different preparative reaction is desig- 
nated by a Roman numeral which is also used in the tabulation of 
compounds to indicate the mode of preparation of the compounds 
listed. The next section is termed General Characteristics and 
it is a summary of the general chemical and physical properties 
of this class of compounds; exceptions to the general pattern of 
chemical behavior are noted. 

One of the most valuable features of this book is the compila- 
tion in each chapter of all known compounds of this class. These 
are listed together with important physical properties such as 
melting point, boiling point, and densities. References to the 
literature are cited for each compound as well as their convenient 
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solid derivatives and their melting points. In view of the con- 
fusion in nomenclature of organophosphorus compounds the 
author has wisely adopted the device of tabulating these sub- 
stances by their condensed structural formulas. These are set in 
bold type so that they are easily read. The compounds in each 
chapter are also arranged by classes, e. g., primary (RPH:2) 
secondary (R2:PH), and tertiary (R;P) phosphines, biphosphines 
(R.P—PHz2), and phosphine-methylenes (R;P—CR:). The last 
section of each chapter consists of a numbered list of literature 
references which are arranged alphabetically by the authors’ 
names. 

Professor Kosolapoff’s style is both lucid and stimulating and 
he has been scrupulously careful in assembling the contents of 
this text. In the absence of any general theory of reaction 
mechanism for the phosphorus compounds the author has not 
included this aspect of the topic. The reviewer is of the opinion 
that the discussion of such material would make this excellent 
text more stimulating. 

The paucity of information on organophosphorus compounds in 
most organic textbooks and the merit of this book make it an im- 
portant and necessary addition to every chemical library. 


JACOB G. SHAREFKIN 
BROOKLYN COLLEGE 
BRook.yn 10, New York 


* TEXTBOOK OF ORGANIC CHEMISTRY 


Louis F. Fieserand Mary Fieser. D.C. Heath and Co., Boston, 
1950. viii+74lpp. 16x 24cm. $6. 


THE new edition of this well-established text has brought it 
up to date on recent developments (lithium aluminum hydride 
reductions, orlon, cortisone, etc.). Two new features, a sum- 
mary at the end of each chapter and answers to all problems (in- 
corporated at the end of the book), should increase its usefulness. 
The outstanding qualities of exactness in treatment of detail 
coupled with a truly interesting presentation have been retained. 
Errors of fact are few in number; on page 83, however, the state- 
ment that the alkylation of sodium acetylides is confined to 
methylation should be modified to include higher primary alkyl] 
halides. 

One other new feature, the inclusion of material on reaction 
mechanisms, has been used with restraint and, for the most part, 
in places where a more detailed picture will aid in understanding. 
In a few instances this phase of the presentation has not been 
handled as well as might be desired. When the authors suggest 
that reactions in acidic solutions involve methoxide or hydroxide 
ions (pages 142, 145, 162) they are more likely to confuse the 
student than to give him a clearer picture of the reaction in 
question. On page 66 hypohalite additions to alkenes are dis- 
cussed as if they occurred only in alkaline medium, and hydroxide 
ion is indicated to be a catalyst for the reaction between chlorine 
and water. 

The text may be highly recommended on most counts. 


F. G. BORDWELL 
NORTHWESTERN UNIVERSITY 
EVANSTON, ILLINOIS 
e PHYSICAL CHEMISTRY, EXPERIMENTAL AND THEO- 


RETICAL 


G. Van Praagh, Head of the Science Department of Christ's 
Hospital, Horsham, England. Cambridge University Press, 
New York, 1951. xiv + 295 pp. 113 figs. 5 plates. 15 xX 22 
cm. $2.75. 


As INDICATED in the preface, this book is presented “for a 
laboratory manual of experiments in physical chemistry suitable 
for school and college use.” Because it is felt by the author that 
“the limited time and equipment usually available render im- 
practicable many physical chemistry experiments described in 
existing text-books” a number of the more advanced and elabo- 
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rate of these have been “simplified and adapted” and other 
omitted. 

It is frequently the case that students do not “‘get a rej 
understanding of a new subject until they observe the phe 
nomena for themselves in the laboratory’ and consequently 
“each topic is introduced by a few short experiments. ” 
These are followed by a brief and usually very clear discussion of 
the theory involved and of its historical development and, at the 
end of the chapter, other somewhat more difficult experiments, 

“The classical atomic theory, on which the science of theoreti. 
cal chemistry is largely based, is treated more fully than usual, 
In the author’s opinion, the history of the atomic theory in the 
first half of the nineteenth century is rarely given the place of 
importance it merits, and. . .it is not surprising that students do 
not have a clear understanding of its significance.’’ With this 
opinion the reviewer feels inclined to agree. More or less co- 
incident with the widespread adoption of the concepts of atomic 
structure and electronic theories of valence as introductory ma- 
terial in the general chemistry textbook, the logic of the de 
velopment of our fundamental chemical theory, upon which our 
whole system of atomic and molecular weights, formulas, equa- 
tions and valences depends, has disappeared from our books and, 
it is feared, from our teaching. We might well ponder the effect 
of this revolution on future scientific thinking. 

“More experiments are included than would normally be 
done. . .in an introductory course.’’ The total is over two 
hundred. But many of these are short and involve only ob- 
servation, not measurement, and are frequently used as labora- 
tory or lecture demonstrations in the general chemistry course in 
American colleges. Many of the longer experiments, also, are 
descriptive in nature and apparently no attempt is made in any 
of the experiments to obtain results with high precision. 

No problems or written exercises are included and no refer- 
ences except in a bibliography of about twenty books, all of 
English authorship. 

The extensive collection of experiments as well as the clear 
theoretical explanations of the theory involved make this book 
worthy of examination by teachers of elementary courses in 
physical chemistry. Other teachers may find many suggestions 
of value also. Very few errors of any sort have been found. 


W. B. MELDRUM 
HAVERFORD COLLEGE 
HAVERFORD, PENNSYLVANIA 


® SOURCEBOOK ON ATOMIC ENERGY 


Samuel Glasstone, Consultant to the United States Atomic 
Energy Commission. D. Van Nostrand Co., Inc., New York, 1950. 
v + 546 pp. 16 X 24cm. $2.90. 


ORIGINALLY planned to serve as a comprehensive “sourcebook” 
on atomic energy for the use of authors, textbook and science 
editors, Dr. Glasstone’s latest volume will appeal to chemistry 
teachers as a readable and reliable reference book in the rapidly 
developing field of nuclear chemistry and physics. It was written 
under the auspices of the U. 8. Atomic Energy Commission, and 
from the unusually low price for which it is offered it is assumed 
that part of the cost of producing the book was borne by this 
agency. 

The first chapter gives a quick review of the atomic theory and 
the periodic table. Chapter II presents an elementary discussion 
of the developments of ideas about the constituent parts of atoms, 
going back to the early experiments on the passage of electricity 
through gases. It then proceeds to the discovery and characteri- 
zation of electrons, protons, positrons, X-rays, particles from 
radioactive elements, and neutrons. Mesons, neutrinos, and 
other less familiar entities are not introduced until much later. 
The few chemistry teachers who find that the first 57 pages con- 
tain information with which they are unfamiliar should regard 
themselves as nineteenth century in outlook. Chemistry 
teachers who have rated themselves as twentieth century types 
by the above criterion will still need familiarity with the topics 
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covered in the remaining 489 pages if they wish to be considered 
to be up to date at mid-century. This “Glasstone Report” 
makes it possible to attain this objective with minimum effort. 
The treatment given to fundamental nuclear science is no more 
difficult than that usually presented to college freshmen, but the 
scope is broader. It proceeds from the introductory material 
with a survey of nuclear radiations, isotopes and their separations, 
nuclear transformation, particle accelerators, nuclear structures, 
nuclear forces, and nuclear fission. The book concludes with 
chapters on utilization of nuclear energies, including bombs; the 
new elements; uses of isotopes (as tracers); cosmic rays and 
mesons; and finally health physics. 

“At the Brookhaven conference on rare earth elements (Jan. 
17-19, 1951) one of the physicists is quoted as having remarked, 
“Tt’s about time that chemists were disabused of their over- 
simplified notions of valence. They’ve been lucky so far in get- 
ting by with it, but pretty soon they will have to face the complex 
facts of the real situation.’”” The same is equally true of many 
chemists’ ideas about nuclear science. This book will make it 
possible for them to bring themselves up to the starting line. 
They will then need to be disabused of their oversimplified con- 
cepts of nuclear phenomena. So many are so far behind, how- 
ever, that Dr. Glasstone’s book performs a genuine service. 

The title may be somewhat misleading, since it contains no 
references to original literature and no quotations from original 
sources, and is therefore not a source book in the usual sense. It 
is, instead, a statement of what is generally accepted to be true, 
a sort of quintessence of knowledge (on an elementary level), in 
this new and, strangely enouga, politically important field of 
nuclear science. 

As already implied, the book was not written for the expert in 
nuclear physics, nor, on the other hand, for a person completely 
untrained in science. A college alumnus who had both freshman 
chemistry and physics ought to possess the background to tackle 
it, if he has a sufficiently strong reason for doing so. It is an 
ideal reference book for chemistry teachers, both high school and 
college, and for chemistry majors in colleges and graduate 
schools, and is highly recommended. 


LAURENCE. 8S, FOSTER 
16 West STREET 
BeLMonT, MASSACHUSETTS 


® THE TECHNOLOGY AND CHEMISTRY OF ALKA- 
LOIDS 


Frank E. Hamerslag, Consulting Chemist. 
Co., Inc., New York, 1950. viii + 319 pp. 
$6.50. 


As THE title indicates, the subject matter concerns itself for 
the major part with the technology involved in the isolation of 
various alkaloids from natural sources on a commercial scale. 
The chemistry of the alkaloids covered is treated in a cursory 
manner which often leaves much to be desired as far as up-to-date 
coverage and accuracy are concerned. Following a chapter in 
which general commercial procedures for the extraction of alka- 
loids are presented, detailed discussions of the following groups of 
alkaloids are given: Aconitine, Arecoline, Coca Alkaloids, Col- 
chicine, Curare Alkaloids, Ephedra Alkaloids, Ergot, Hydrastine 
and Berberine, Ipecacuanha Alkaloids, Lobelia Alkaloids, 
Nicotine, Alkaloids of Nux Vomica, Physostigmine, Pilocarpus 
Alkaloids, Sparteine, Solanaceous Alkaloids, Veratrine, and 
Yohimbine. It was a source of some consternation to this re- 
viewer to find the statement in the preface that, “Since the book 
deals mainly with the commercially practical alkaloids, it was 
felt that the purpose of the book would not be materially affected 
if the morphine and cinchona alkaloids were omitted.’ Inas- 
much as these two groups probably represent the most important 
groups of alkaloids, this omission appears to be utterly un- 
warranted and detracts vitally from the usefulness of the book. 

Some attention has been given to the replacement of natural 
alkaloids by synthetic products, but again unfortunate omissions 


D. Van Nostrand 
14.5 X 22.5 cm. 


343 


are apparent. Brief mention is made of the therapeutic applica- 
tions of the alkaloids discussed, but no discussion of synthetic 
substitutes, e. g., local anesthetics for cocaine or antihistamines 
for ephedrine, is given. 

The typography is in general not good. This applies particu- 
larly to the confusion as to the presence or absence of double 
bonds in ring formulas. For example in Chapter VII all benz- 
enoid double bonds are shown in the formulas, but in the suc- 
ceeding chapter none are shown. This leads to the conclusion 
that the ephedra alkaloids are derivatives of cyclohexane rather 
than benzene unless the reader already happens to be familiar 
with these substances. Several omissions of bond lines in struc- 
tural formulas, notably in alkaloids carrying methylenedioxy 
groups, are apparent. A fairly large number of typographical 
errors in the text were also noted. 

Despite its shortcomings, the book serves a valuable purpose 
in assembling in one place the various procedures available for 
the isolation of the alkaloids treated. This will be of service 
both to the technologist and to the laboratory chemist interested 
in this phase of alkaloid chemistry. 


ROBERT C. ELDERFIELD 
CotumBIA UNIVERSITY 
New York, New York 


* PHYSICO-CHEMICAL CONSTANTS OF PURE OR- 
GANIC COMPOUNDS 


J. Timmermans, Professor of Physical Chemistry, Universite 
Libre, Brussels, and Director of the International Bureau of 
Physico-Chemical Standards. [Elsevier Publishing Co., Inc., 
New York, 1950. viii+ 693pp. 17 X 24.5cm. $12.50. 


AccorpDING to the author, this volume presents the results of 
the fruits of a quarter of a century’s activity of his laboratory at 
the University of Brussels on physico-chemical standards and 
combines these results with those provided by a review of similar 
data in the literature. There are presented tables of values of 
the simple physical properties as reported originally hy one or 
more investigators whose work is deemed to merit consideration. 
For the various compounds covered, information and references 
are given concerning methods of preparation. The properties 
considered include critical constants, vapor pressure, freezing 
point, temperature of transition, density of the vapor, specific 
heat, heat of combustion, boiling point, refractive index, density, 
viscosity, surface tension, heat of fusion, heat of vaporization, 
dielectric constant, and critical solution temperature. Not all 
these properties are discussed for each compound, and for some 
of the properties discussed only references to the original data 
are given. For some of the properties values from the literature 
are reproduced. The selection of data consists simply in decid- 
ing which authors’ values are to be reproduced, rather than an 
actual selection of “‘best’’ values. Appropriate references are 
given for the cited values. 

The compounds covered in this volume include hydrocarbons 
(191 pages), halogenated derivatives (92 pages), oxygenated 
derivatives of the aliphatic series (155 pages), oxygenated deriva- 
tives of the aromatic series (32 pages), oxygenated derivatives 
of the polymethylenes (10 pages), heterocyclic oxygen com- 
pounds (5 pages), sugars (2 pages), mixed oxyhalogenated deriva- 
tives (11 pages), nitrogen derivatives of the aliphatic series 
(34 pages), nitrogen derivatives of the cyclic series (26 pages), 
oxynitrogen derivatives (25 pages), mixed halogenated nitrogen 
derivatives (8 pages), sulfur derivatives (15 pages), derivatives 
with other elements (3 pages). The list of references covers 27 
pages and is preceded by a short historical introduction of 3 pages. 

While the author has striven to make the book up to date as 
of January 1, 1950, it is apparent that a number of important 
publications appearing in the literature prior to this date have 
not been examined. Several of these are referred to in an 
addendum of one page with the statement “we have become 
acquainted with the following works too late to include them in 
the tables.” 
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This reviewer feels that readers should utilize Professor Tim- 
mermans’ compilation on hydrocarbons more as a_ reference 
work than as a selection of best data, because data on hydro- 
carbons are given in a more complete and up-to-date manner in 
the tables of “Selected Values of Properties of Hydrocarbons,” 
which are issued currently by the American Petroleum Institute 
Research Project 44 at the Carnegie Institute of Technology, 
Pittsburgh, Pennsylvania. In this work this latter project has 
had the benefit of prompt first-hand contact with the new data 
obtained by the American Petroleum Institute Research Project 6 
on hydrocarbons of high purity, as well as the many new data 
obtained by the American Petroleum Institute Research Projects 
42, 45, and 48. 

For the many nonhydrocarbon organic compounds covered, 
readers will find this volume extremely helpful as a guide to the 
better data reported in the literature. It is to be hoped that 
with this volume as a stepping stone, the data on the nonhydro- 
‘arbon organic compounds may some day approach in quality 
and quantity the corresponding data now available on hydro- 
carbons. 

Professor Timmermans is to be complimented on this work, and 
science is indebted to him for bringing into one volume the results 
of his lifetime of work in this important field. 


FREDERICK D. ROSSINI 
CARNEGIE INSTITUTE OF TECHNOLOGY 
PITTSBURGH, PENNSYLVANIA 


e COLLOID SCIENCE 


James W. McBain, Director, National Chemical Laboratories, 
Poona, India. D. C. Heath and Co., Boston, 1950. 450 pp. 185 
figs. 23tables. 16 X 24cm. $6. 


Tus well-known authority in the field of colloid science has 
prepared a book of 27 chapters which will be found most useful to 
physicists, chemists, and biologists who desire a well-rounded in- 
troduction to the subject of colloid science. 

The author is congratulated upon the service which he has 
rendered and the publishers are complimented for the beautiful 
manufacturing job. 


ARTHUR W. THOMAS 
CotumBia UNIVERSITY 
New York, NEw York 


* BYPRODUCTS FROM MILK 


Earle O. Whittier and Byron H. Webb, Bureau of Dairy In- 
dustry, Agricultural Research Administration, U. S. Department of 
Agriculture. Reinhold Publishing Corp., New York, 1950. 
viii + 317 pp. 23figs. 40tables. 16 X 24cm. $6. 


THE stated purpose of the book is to bring together in one 
volume the various methods of utilizing by-products previously 
available in Federal and State bulletins, patents, and technical 
journals. Promising procedures, not yet commercial, have been 
included. The book is directed to students of dairy science, re- 
search workers, supervisors in food manufacturing plants, and to 
operators of small dairy or other food manufacturing plants, as 
well as to plant managers and engineers. 

The physical and chemical characteristics of milk, skim milk, 
whey, and buttermiik and their components are presented. 
Methods of converting these into foods as well as using in foods 
are given. Also, non-food products are included. Directions for 
manufacturing many of these are given with formulas and proce- 
dures. Different types of processing and equipment used are 
described along with analysis and testing. 

Theoretical discussions are included only to the extent neces- 
sary for the understanding of the principles on which the manu- 
facturing procedures are based. At the end of each chapter, 
there are references, not all-inclusive, but selected for furnishing 
the most practical and adequate information on the principles 
and procedures presented. 
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In addition to the direct by-products, information is presented 
on beverages from by-products, such as various types of butter. 
milk, condensation products from whey, condensed products 
dried products, cheese and cheese products, various baker 
products, various miscellaneous foods such as frozen desserts 
confections, meat and egg substitutes, and others. Varioy 
canned products are discussed and methods of manufacture ap 
given. 

Each of the eleven chapters has been written by either one q 
the other of the two authors, except the one on bakery products 
and here one of the authors has collaborated with L. 


V. Rogers as 
senior author. 


EARL W. FLOSDORF 
F. J. Strokes MACHINE CoMPANY 


PHILADELPHIA PENNSYLVANIA 


* PHYSICAL ASPECTS OF ORGANIC CHEMISTRY 


William A. Waters, University Lecturer and Demonstrator ip 
Organic Chemistry, Oxford University. Fourth edition. D, 
Van Nostrand Co., Inc., New York, 1950. xii + 539 pp. 2 
figs. 42tables. 14 K 22cm. $8. 


UNLIKE a few “revised editions” being perpetrated upon the 
chemical buying public with no revision and little re-editing 
the fourth edition (third for Van Nostrand) of Waters’ popular 
text is in truth rewritten in large part. The organization of the 
book is essentially the same as the 1936 edition, having been 
changed by reversing the order of chapters in two cases, by new 
titles for some chapters, and by rearranging the order of presen- 
tation within several chapters. 

The most thoroughly rewritten chapters in which the bulk of 
new topics appear are the two on free radicals (in which Waters’ 
own work is substantial), substitution reactions of organic halo- 
gen compounds (revised in terms of current theory of the English 
school of organic chemists), ester hydrolysis and esterification 
(rewritten in modern language), and the study of molecular strue- 
ture (almost entirely new since the first edition). References to 
the literature after 1940 are frequent in these chapters and scarce 
in the remainder of the book. 

Many improvements in clarity or simplification have been 
made, for example, by critical selection of terminology: the self- 
descriptive words homolytic and heterolytic have replaced what 
were in the 1936 edition called (misleadingly, I thought) nonionic 
and ionic reactions, respectively; the words basylous and acylous, 
never popular in this country, have been dropped; and the word 
prototropy substituted for desmotropy. 

Waters has not abandoned the idea of a localized pair of elee- 
trons in a chemical bond but he has in a qualitative way piled the 
concepts from resonance theory and wave mechanics on top 
the older theory. The result is a conservative picture in nol 
mathematical terms presented in very clear exposition. 


LEALLYN B. CLAPP 
BROWN UNIVERSITY 
PROVIDENCE, Ruope ISLAND 
* THE BIOCHEMISTRY OF THE NUCLEIC ACIDS 


J. N. Davidson, Gardiner Professor of Physiological Chemistry, 
University of Glasgow. John Wiley and Sons, Inc., New York, 
1950. ix +163 pp. 15 figs. 4 plates. 11 X 17cm. $1.75. 


In view of the interest that has developed during the las 
decade in nucleoproteins and their constituent nucleic acids, this 
well-written and readable summary of our knowledge of the 
chemistry and physiology of the nucleic acids is welcome. 

The broad approach to the subject is indicated by the titles to 
the fifteen chapters of the book. There are chapters on the 
hydrolysis products of nucleic acids; the structure and properties 
of polynucleotides and nucleoproteins; nucleic acid content 
tissue; nucleases and related enzymes; nucleic acids in eél 
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cytoplasm, the cell nucleus, bacteria and viruses; the metabolism, 
biological activity, and biosynthesis of nucleic acids. Considera- 
ble space is devoted to a description of procedures employed for 
the quantitative study of the chemistry of the nucleic acids and 
for studying their distribution in plant and animal tissues and 
cells. Methods of chromatography applied to nucleic acids, the 
use of ultraviolet absorption to detect nucleic acids in tissues, 
histochemical tests including enzymes and ultraviolet photo- 
micrography are given in some detail. 

The author has been very careful to define our exact knowledge 
of the chemical structure of the constituent compounds and the 
manner in which they are linked in nucleic acids. He warns of 
the danger of generalization as to the chemistry of this class of 
substances. To avoid this, he recommends, for example, that 
nucleic acids be designated as pentose nucleic acid or deoxypen- 
tose nucleic acid when the sugar has not been definitely identified. 

In the nucleic acid field where so much work is being done, it is 
undoubtedly true, as the author indicates, that some of the ma- 
terial appearing in this book will be superseded by more recent 
discoveries. But in this reviewer’s opinion, the present status of 
the subject is so well presented, supplemented with an excellent 
bibliography for each chapter, that the direction of current in- 
vestigation is clearly indicated. This is true of the biosynthesis 
of nucleic acid constituents, a field in which lately significant 
contributions have been made. 


F, A. CAJORI 
University oF CoLorapo ScHoou or MEDICINE 
DENVER, COLORADO 


€ LABORATORY DESIGN 


Edited by H. S. Coleman, Mellon Institute, Pittsburgh. Rein- 
hold Publishing Corp., New York, 1951. ix + 393 pp. 305 
figs. 23 X 3lcm. $12. 


Tuts splendid publication, prepared by direction of the 
National Research Council, unquestionably takes top place 
among works of its type, and will be a ‘“‘must”’ for all architects 
and technical advisers contemplating new laboratories. Al- 
though the volume includes more or less engineering, physics, 
etc., it is after all primarily a guide to construction of chemical 
laboratories, both academic and industrial. Its beautiful rendi- 
tion of excellent cuts on smooth, high-class white paper almost 
justifies the $12. 

Edited by the principal technical adviser in construction of the 
magnificent Mellon Institute building, this book is a compilation 
of 42 articles by competent specialists. It might be described 
as the much-revised report of a 26-year symposium conducted 
by the persistent National Research Council. The editor is to 
be complimented on a concisely-written work, packed with 
valuable information. 

Of the four main sections, Part I, 7 chapters, deals with 
“general” topics such as Furniture, Plumbing, ete. Part II, 
10 chapters, discusses in succession academic laboratories by 
specific type—Analytical, Organic, etc. Part III, 12 chapters, 
gives similar individual treatment to industrial laboratory types, 
but with much useful application to university research plants. 
Part IV, 13 chapters, discusses individual American laboratories, 
including Mellon Institute, U. S. Regional, Bell Telephone, and 
Northwestern Technological Institute laboratories. 

Part I is written by persons with industrial connections, and 
these authors occasionally show understandable reluctance to 
compare critically the competing devices available for a given 
purpose. For example, fire extinguishers are not adequately 
treated. In other words, the building committee cannot learn 
all that is right or wrong from the printed word. 

If the reviewer must find something that should have been in- 
cluded in this volume, he would propose a chapter entitled 
How to Get Along with the Architect. We would like to be as 
optimistic as architect R. L. Wank (Chap. 1) but we fear he 
forgets that the good old board of trustees isn’t likely to go to 
New York or Detroit and employ one of the relatively few 
architectural firms that really understand this business. The 
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local architect gets the commission, and the professor in charge of 
the building committee settles down to a three-year job teaching 
him, the inspector, the contractor, and himself, what it’s all 
about. The architect has his grievances also—witness the 
engineering-minded professor who draws up the whole chemistry 
building in full partition detail before he even meets the architect! 


G. ROSS ROBERTSON 
UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


* SCIENTIFIC RUSSIAN 


James W. Perry, Associate Professor of Modern Languages, 
Massachusetts Institute of Technology. Interscience Publishers, 
Inc., New York, 1950. xxix + 816 pp. 16 X 23.5cm. $7.50 


Tuts book is based on an idea that is wholeheartedly supported 
by the present reviewer. Scientists should be helped to follow 
the foreign-language scientific literature by the designing for them 
of special courses on an elementary level to save their time and 
effort. This is especially true in the case of Russian for English- 
speaking scientists, since Russian has less common vocabulary 
with English than do German or French. It is indeed desirable 
that a scientist, having satisfied his first need, should expand his 
knowledge of Russian into the language in general. 

In order to learn to read the Russian scientific literature one 
should have a text stressing the study of those features that are 
characteristic for the language of science, as distinguished from 
the language of conversation and belles-lettres. In some cases 
these features are common to all languages; in other cases they 
are peculiar to Russian. In the vocabulary of the language, they 
comprise, in addition to the specific terminologies of the individual 
sciences, a large number of words of a high frequency in all sci- 
ences. A substantial portion of words in the latter category are 
cognate to English, German, or French; this category also in- 
cludes many “difficult”? words, but relatively few idiomatic ex- 
pressions, as compared to the language as a whole. The gram- 
matical features of the Russian language of science consist of a 
high frequency of the passive mood and of impersonal expressions, 
of infrequent use of the first person, ete. 

Professor Perry obviously had in mind these characteristics of 
the Russian language of science in selecting, painstakingly ar- 
ranging, and annotating his material. The result is a book that 
is particularly suitable for self study. It is a useful textbook for 
those classes of Russian (unfortunately, few in number as yet) 
which are composed of scientists exclusively, especially if its 
reading material is supplemented as necessary to suit the interests 
of the students. It is not well adapted for use in mixed classes 
where scientists study elementary Russian together with non- 
scientists, since the latter will have difficulty in understanding the 
scientific connotations of the sentences used to illustrate the 
grammar; however, in such classes the reading material can be 
used for out-of-class assignments for the scientist-students. 

The material is graded with care and is arranged in forty les- 
sons. Each contains grammatical discussions with numerous 
illustrations of the rules involved, a reading exercise, and a trans- 
lation exercise from English into Russian. Beginning with the 
seventh lesson, the reading material constitutes descriptions or 
discussions of scientific subjects. The vocabularies at the end of 
the book are well organized and supplied with explanatory notes. 
The list of abbreviations will be appreciated by the student. 

Although the language used by writers on different branches of 
science has much common vocabulary, it is regrettable that the 
reading material is largely in the fields of physics and chemistry. 
Very little is given on biology; the geological and mineralogical 
sciences are represented by only one article on crystallography; 
mathematics is not represented. Lists of Russian terms and im- 
portant expressions peculiar to the various fields of science would 
have been helpful to the students of these respective fields. 

The apparent emphasis of this book is on grammar. Having 
in mind a scientist who studies Russian on his own, the author 
gives the grammatical explanations in great detail and makes 
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numerous comparisons with the usage of the corresponding gram- 
matical forms in the English language, probably to make up for 
the explanations that would be supplied by the teacher. This 
occasionally becomes cumbersome, as in the discussion of nega- 
tive sentences in lesson 20, and still more in the discussion of the 
Russian alphabet with which a part of the introductory chapter 
and the first two lessons are concerned. Accordingly, the book is 
longer than it would have been if the author had had in mind 
primarily classroom use. 

Desirable grammatical features of this book are: the early and 
repeated presentation of the effect of suffixes and prefixes in vo- 
cabulary building, although this is illustrated with verbs only; a 
good treatment of words cognate to English; and a justifiable 
stress on the significance of participles in the language of science. 
The declensions and conjugations, both regular and irregular, are 
outlined in a manner that will help the student to acquaint him- 
self with these forms and to refer to them later. 

On the other hand, one cannot agree with the extent of empha- 
sis placed on some forms; e. g., the passive mood and verbs that 
have the ending of reflexives (sya) but are not always actually re- 
flexive. The comment on page 58 stating that verbs of non-Rus- 
sian origin having a single infinitive may be regarded as incom- 
pletely assimilated into the Russian language leaves out of ac- 
count the fact that there are purely Russian words which simi- 
larly can be used in both the imperfective and perfective aspects 
(for instance, issledovat’—to investigate ). 

The success of this book will be, above all, a function of the 
interest in the Russian scientific literature. Even those who be- 
lieve that, for practical reasons, a textbook of Russian for scien- 
tists should be limited to graded reading material with suitable 
vocabulary-building exercises (with references to grammatical 
rules given in a separate text) will acknowledge that this book will 
materially help to satisfy this interest. 


J. G. TOLPIN 
UNIVERSITY OF CHICAGO 
Cutcaco, ILLINOIS 
* PRINCIPLES AND PRACTICE OF SPECTROCHEMICAL 


ANALYSIS 


Norman H. Nachtrieb, Associate Professor of Chemistry, Insti- 
tute for the Study of Metals, The University of Chicago. McGraw- 
Hill Book Co., Inc., New York, 1950. x + 324 pp. 170 figs. 
33 tables. 16 X 24cm. $4.50. 


As STATED in the introduction, ‘“The approach of the author to 
his subject is that of the analytical chemist who is more concerned 
with the use of spectroscopy as a tool for the solution of certain 
problems in inorganic analysis than in the spectrograph as an 
instrument of physical research.”” Throughout the book this 
approach is maintained; attention is focussed upon the chemical 
applications. 

The book is in two parts. Part I deals with the theory and use 
of the instruments of analytical spectroscopy. The descriptions 
of spectrographs, excitation sources, and densitometers are excel- 
lent and critical. There is a good elementary presentation of the 
diffraction of light by slits and gratings and of the optics of prism 
spectrographs. Photographs are shown of many instruments. 
The photographic process and its limitations are discussed. 
This is followed by an unusually clear explanation of the methods 
used to evaluate photometric data and the errors that may attend 
such evaluations. A chapter is devoted to direct reading spec- 
trometers and modern instruments employing this principle, such 
as the ARL “Quantometer.’”’ Sections on the origin of spectra, 
the meaning of spectral terms, and the excitation of spectra com- 
plete Part I. 

Part II deals with the practice of spectrochemical analysis, 
taking up separately the problems of metals, refractory ma- 
terials, and solutions of soluble salts. The section is concluded 
with a discussion of chemical separations as an aid in spectro- 
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chemical analyses. Precipitation, extraction, fire assay, and ele. 
trolytic concentration of trace elements are described. 

The reviewer feels that this book will be a fine text for class 
in spectrochemical analysis. It is well written and the choice of 
material is excellent. The student who has mastered its op. 
tents will have a good grasp of the field, together with enough 
basic theory to attack new problems intelligently. In partsit's 
too meager in experimental details but this lack can be readily 
supplied in supplementary lectures. The only omission that the 
reviewer notes is lack of a description of the ‘flame photometer,” 
but this is not serious since enough discussion is given of the 
Lundegardh flame method to acquaint one with the general prin. 
ciples of flame excitation. 

CONWAY PIERCE 
Pomona COLLEGE 
CLAREMONT, CALIFORNIA 


* VITAMINS AND HORMONES. VOLUME VII 


Edited by Robert S. Harris, Massachusetts Institute of Tech- 
nology, and Kenneth V. Thimann, Harvard University. Aca. 
demic Press, Inc., New York, 1950. xi + 342 pp. 37 figs. 54 
tables. 15 X 23.5cm. $6.80. 


As IN the earlier volumes of these truly useful reviews the con- 
tributors are eminently well prepared to discuss their several sub- 
jects. The first essay is by Theodore F. Zucker and Lois M. 
Zucker and deals with the “animal protein factor” and vitamin 
By in animal nutrition. While mostly treating of recent work 
in this field, the discussion also includes the background of the 
subject. The nutritional significance of cobalt as found in By 
is discussed. 

A subject that has been rather neglected in biochemical review 
periodicals, ‘Pyridoxine and fat metabolism,’’ is presented by 
Henry Sherman. This relationship, he shows, is clearly demon- 
strated but not yet understood. 

W. J. van Wagtendonk and R. Wulzen contribute a review of 
work, both their own extensive researches and those of others, 
on the antistiffness factor required by guinea pigs. The data 
presented and the accompanying illustrations make a convincing 
case for the existence of this factor. Apparently investigator 
who fail to demonstrate it do not correctly prepare the deficiency 
diet. 

“Vitamins and metabolism in neurospora”’ is the subject of a 
review by Hershel K. Mitchell who gives an instructive picture 
of the many research uses to which this useful and mutative 
organism may be put. 

A short essay on the physiology of relaxin is presented by F. L. 
Hisaw and M. X. Zarrow. The biochemistry of relaxin is briefly 
treated (little is known about it); its comparative physiology 
is extensively discussed. 

“Interactions between estrogens and progesterone’”’ is the sub- 
ject treated by R. Courier of Paris. The English translation was 
prepared by A. M. and K. V. Thimann. 

An unusually helpful review by R. L. Stehle of McGill Uni- 
versity treats of the posterior pituitary hormones other than 
those acting upon the circulation and the secretion of umine. 
The latter were reviewed in Volume VII of this series. 

The last essay of Volume VIII is by C. W. Shoppee of the 
University of Wales. The subject is “Steroid configuration.” 
It is a discussion of the evidence obtained from the physical and 
chemical properties of specific steroids leading to theories of the 
stearic shape of the molecules. This complex matter, always 
puzzling to the student not expert in this field, is presented more 
from the standpoint of the organic chemist then that of the 
biochemist. For this very reason it is especially useful to the 
biochemist. 


’ 


PHILIP H. MITCHELL 
Brown UNIVERSITY 
ProvipENCcE, RHopE IsLANnpD 
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phelometric analysis may be given with this instrument. =p 
‘ Ful 

Eliminate by actual contact, the bewilderment and uncertainty of can by 
the graduate when he steps into his first industrial job! Provide some % 
modern instrumentation as part of your course. . 
We help, too, Smal 

YOUR LECTURE may be based on our “WACO Instrument Talk”. Ne\ 


in providing supplementary literature { just | 
for the student. OurCURVES AND (Appa: 
REFERENCES contains a wealth of @esig 
mercu 
use ir 
chemist in research and in control (they , 
laboratories. We will supply these _ 
" 
40 page booklets at cost, for distri- The 
bution to the “quant” class. If you @princi 
mercu 
etal: 
tric 
for fr 





This folder suggests uses and gives other valuable information 
to the teacher. With the actual instrument for demonstration and 
use, you implant a confidence which can be instilled in no other way. 










time saving, modern methods for the 


Write for your copy of “WACO Instrument Talk” 
and “Curves and References” today. 
LABORATORY SUPPLIES AND CHEMICALS 


WILKENS-ANDERSON CO. 








do not have a copy, please write and 






ask for one with our compliments. 


4525 W. DIVISION ST., CHICAGO 51, ILLINOIS 
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Out-0f the 


New Laboratory Pump 





No contamination and no corrosion are 
advantages of the new inexpensive pump- 
ing unit announced by E. & M. Enter- 
prises, Middleport, New York. 

Called the Sigmamotor, the new unit 
provides continuous liquid flow by means 
of a series of “fingers’”’ that exert pressure 
on flexible tubing. There is no chance of 
contamination from metal parts or of 
adverse corrosive effects from the fluid 
being handled, since the liquid flows only 
through the rubber or synthetic tubing 
and does not come in contact with any 
mechanical parts. 

Designed to pump liquids or gases, the 
Sigmamotor can readily take care of solids 
in the solution, the company states. It 
will handle from 1!/2 to 30 gallons per hour 
without speed changes. 


ECISIO 
JGE 


rement 





















































Sigmamotor can be easily installed in any 
system with commercial fittings, and can 
be quickly changed from one fluid to 
another. If desired, the machine can 
handle a number of different fluids at the 
same time, entirely independent of each 
other. It can provide proportional flows 
and extremely small flows. 

Full information about the Sigmamotor 
can be obtained by writing E. & M. Enter- 
prises, Inc., 528 Vernon Street, Middle- 
Port, New York. 

















pSmall Mercury Cleaning Units 





New, small mercury cleaning units have 






















weer just been announced by the Bethlehem 
} AND @ Apparatus Co., Hellertown, Pennsylvania. 
sith of @esigned as “little brothers” to the 25-lb. 
for th mercury oxifier and Type F filter now in 
or the . ° . ° 
use In many industries and laboratories, 
control @they clean mercury in 5-lb. lots for those 
; these _ who require only small quantities of 
aad e metal. 
disti- The small model works on the same 
If you Principle as the larger model in reclaiming 
ite and @™rcury contaminated by dissolved base 
i etals. The oxifier, powered by an elec- 





ne motor, violently agitates the mercury 
for from 2 to 4 hours and provides maxi- 
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mum air contact with the mercury drop- 
lets. As base metal contaminations are 
thoroughly aerated, they oxidize, form 
skins, and precipitate from the mercury as 
metallic oxide powders. These can then 
be readily separated from the clean mer- 
cury by use of the Bethlehem Type G 
Filter. 

Where it is definitely established that 

















Solution vis- 
ibility is but 

one of the many 
advantages offered 

by Tygon flexible plastic 
Laboratory Tubing. 


Tygon is non-toxic, neither 
imparts nor absorbs unwanted 
tastes or odors. Tygon is inert 
chemically. Tygon is glass smooth 


inside and out. Tygon is elastic and 







resilient. Tygon is tough, durable and 


non-oxidizing. Tygon is sterilizable 





chemically or by auto claving. 







Tygon is the preferred Tubing 


the world over. 







Be sure to get the genuine. 





Ask for it 






The U.S. Stoneware Co., 
as  ee 














| 
| 
| 
| 
| 


by name. Made only by 


mercury contamination consists only of 
floating foreign matter, and not of dis- 
solved base metals, the small type G filter 
of the unit is completely effective alone. 
This filter operates on the gold adhesion 
principle and removes such impurities as 
dust, oxide scums, oil, water, and acid 
residue. 

















The cleaning process is so effective that 
mercury cleaned in this way is satisfactory 





AT YOUR LABORATORY SUPPLY HOUSE 















SGA 1007-1 





SGA 785 
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& SCIENTIFIC GLASS 


LABORATORY APPARATUS - 


FAST, ACCURATE! 


..-- Ohaus Stainless Steel 
Triple Beam Balances 


Only two of a complete line of Ohaus Balances are pictured 
here. Each has a beam capacity of 610 grams which can be 
stepped-up to 2610 —merely by attaching two 1000 gram weights! 


Here are some exclusive features: Patented, self-aligning 
bearings of high-grade polished agate insure minimum friction 
and full contact with knife edges at all times. A sliding poise 
guarantees stability when scale oscillates. And milled notches 
at every calibration insure correct positioning. Coupled with 
its durability and fast, accurate operation, it’s truly ‘The Scale 
That Has Everything!” Write for full details. 


No. SGA 1007-1 


Balance with stainless steel beam 


and plate $19.15* 
No. SGA 785 Animal Balance with stainless 
steel beam and 9 x 5” deep re- 
movable perforated aluminum 

as . wm * 

subject box . $34.80 


* Metric scale. Also available in Avoirdupois Standard. 


APPARATUS CO., Inc. 


BLOOMFIELD - NEW JERSEY 
INSTRUMENTS - CHEMICALS - GLASSWARE 





ALBERENE STONE 
IS 
e@ highly resistant 
to chemicals 
e@ essentially non-staining 
e durable 
e attractive 


e suitable for construction 
of liquid-, gas-, and 
germ-proof joints 


For full technical information, and for 


sinks... 
Dye Corporation, Syracuse, N. Y. Architects—The H. K. Ferguson Company. 


expert assistance in designing your labo- 
ratory, write Alberene Stone Corp. of 
Virginia, 419 Fourth Avenue, New York 
16, N. Y., or visit our nearest branch office. 
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FOR LAB TABLE TOPS, 





SINKS AND HOODS 





ANOTHER MODERN RESEARCH LAB equipped with Alberene Stone table tops and 


new SOLVAY LABORATORY, Solvay Process Division, Allied Chemical & 


AALBERENE STONE 


Branches in Principal Cities 
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for use in exacting scientific instruments. 

The new units are compactly built. 
The oxifier requires table space of 9 X 5in. 
and stands 7 in. high. It weighs 8 lbs. Its 
i/m h.-p. motor operates on 115-volt, 60- 
eyele a.-c. current. The filter weighs 1 
lb. 20z., and occupies a table space of 3'/2 
in. diameter by 61/2 in. high. 


Tongs and Dishes 


A new design of laboratory tongs has 
been introduced by La Pine & Co., 121 W. 
Hubbard St., Chicago 10, Illinois. It is 
called the “nip tong” and is operated by a 
gentle finger squeeze against a spring re- 
lease. 

Stainless steel dishes, made by the same 


10® to 1 so that each em. of an assembled 
molecule is equivalent to 1 A. The 
models are distributed by Fisher Scien- 
tific Co., 717 Forbes St., Pittsburgh 19, 
Pennsylvania. 


New Electronic Parts Catalog 
A new 130-page catalog of electronic 


~ ee ca ; velieais wil tithe: eallete off tins tn thn components is now being offered by Sun 
The oxifier requires attention only at —_ Producers, will hind’ a variety OF uses In Che Radio & Electronics Co., Inc., 122-124 

the beginning and end of the run. The laboratory. Duane Street, New York 7, N. Y. De 
ictured manufacturer claims that the entire clean- M — signed particularly for industrial purchas- 
can be [ping operation can be carried out by anyone odels of Silicones ing agents, research laboratories, uni- 
eights! fg Who can turn an electric switch. A new silicon atom model has been versities and trade schools, this new cata- 
ah added to the Fisher-Hirschfelder-Taylor log has been compiled in such a manner 
ligning Literature Available Atom Model Kit, enabling models of that full technical information is given on 
friction aes complex silicone molecules to be made. all items listed as well as illustrations and 
Z poise “Nuclear Data,” Circular 499, 310 The new atom model, as well as previous drawings on many. Copies may be had 
10tches pages, is available from the Superinten- types, is scaled exactly in the ratio of by writing Sun Radio & Electronics Co. 
d with dent of Documents, U. S. Government j 7 
e Scale Printing Office, Washington 25, D. C. 

These tables present a comprehensive 

collection of experimental values of half 

lives, radiation energies, relative isotopic 
19.15* abundances, nuclear moments, and cross 
19.15 sections. Decay schemes and level dia- 

grams are provided wherever possible. 

The first volume is to be followed by sup- 

plements at six-month intervals. 
34.80" Instruments and apparatus developed b ilt t 

during the past two years are illustrated ul ° 

and described in a six-page folder pub- 

lished by Fisher Scientific Co., 717 Forbes 











_ 








$t., Pittsburgh 19, Pennsylvania. This 
company has also announced the publica- 
tion of a newly revised edition of the 40- 
page booklet entitled ‘Manual of Labora- 
tory Safety.” 

A 16-page data sheet on the ‘‘Modifica- 
tion of Starches, Proteins and Gums with 
Peroxygen Compounds” has been re- 
leased by the Buffalo Electro-Chemical 
Co., Buffalo, New York. Practical appli- 
cations, including the processing of tex- 
tiles and paper, the production of starches 
for confectionery and domestic use, the 
preparation of sizing and adhesives, etc., 
and a selection of literature references are 
contained in this data sheet. 

Water-purification equipment is de- 
scribed in an eight-page folder available 
from the Illinois Water Treatment Co., 
Rockford, Illinois. Information covers 
ion-exchange equipment, including soft- 
eners, hydrogen zeolite, and deionizers. 

“A Simplified Guide to Bakelite and 
Vinylite Plastics and Resins”’ is a 24-page 
booklet published by Bakelite Division, 
Union Carbide and Carbon Corporation, 
300 Madison Ave., New York 17, New 
York. It classifies and describes the 
various forms of Bakelite phenolic, sty- 
rene, polyethylene, and Vinylite plastics 
and resins. 

A compilation of technical literature on 
electron microscopy (Circular 502) is 
available from the Superintendent of Docu- 
ments, U. S. Government Printing Office, 
Washington 25, D. C. Only books and 
papers published before January 1, 1950, 
are included. 





l 


..-than they'll 
ever have to take... 
KEWAUNEE 


LABORATORY EQUIPMENT 


We show you this picture of an actual 

demonstration merely to point out that XS 
Kewaunee doors are so strong—so ruggedly built 

—they support the weight of a man! 


This is typical of al] Kewaunee construction. Doors, 
drawers, and framing members are extra husky to keep 


















your Kewaunee installation in top condition for years 


to come. And that’s just one more reason why 


Kewaunee Laboratory Equipment leads the 


field in technical excellence and value! 


The Winter 1951 issue of Instrument 
News, published by the Perkin-Elmer 
Corporation, Norwalk, Connecticut, in- 
cludes articles on oscillographic methods 
for infrared spectrometry, theory and de- 
sign of high-speed thermocouples, and 
water conditioning by flame photometry. 


Write today for free Kewaunee 
catalog, indicating whether in- 
terested in wood or metal con- 
struction. No obligation. 





C. G. Campbell, Presiden? 
5014 S. Center Street, Adrian, Michigan 





Representatives in Principal Cities 
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Vou auatable...» | FOR PRECISE 








Acenaphthylene; Acetobromoglucose; Acetonedicarboxylic Acid; 
a-Acetylindole; 3-Acetylpyridine; Acetylthiocholine lodide; cis- 































Aconitie Acid; Acridine Hydrochloride; Adenosine Diphosphate; 

Adonidine; Alanyi lycine; Alkaloids; a o> tee we Amylase; | 
Anserine; Arachidic Acid; Arachidonic Acid; 1-Argininamide; } —l, 
o-Arsanilic Acid; Atropic Acid; Bacitracin; Behenic Acid; Carbo- —— | 


benzoxychloride; Carnosine; Catalase cryst.; Cellulase; Cerotic Acid; 
Ceryl Alcohol; a-Chloralose; 8-Chloralose p-Chlorosnilidophes. 
phonic Acid; p-Chi ib te; Cholesterol Esters; Circula- 
tory Hormone; Clupein; Collagen; s-Collidin, Columbium Chloride; 
Copper Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Glucoside; Desthiobiotin; Dialuric Acid; Dibromosalicylaldehyde; 
Dihydroxyacetone Phosphate; Diisopropyl Fluorophosphate; Dithiol; 
Endosuccinic Derivatives; ag Equilenin; Equilin; Erucie Acid; 
di-Ethionine; Ethylenediamine Tetraacetic Acid; thylpyridinium 
Bromide; Fructose-6-Phosphate; Gitoxin; Glucoascorbic Acid; Gluco- 
sides; Glucuronides; Glyceraldehyde Phosphate; Glycylglycylglycine; 
Glycylleucine; Glycyltryptophane; Glycyltyrosine; Heparin; Hexo- 
kinase; Hyaluronic Acid; 4-Hydroxyacridine; 8-Hydroxyglutamic 
Acid; a-Hydroxynhenazine; 12-Hydroxystearic acid; lodoacetamide; 
o-lodosobenzoic Acid; Isoascorbic Acid; Isocitric Acid; Isocytosine; 
Kynurenic Acid; ‘Lactobionic Acid; Leucylglycine; Leucyltyrosine; 
Lignoceric Acid; Lithium Amide; Margatic Acid; Menthol Glucuron- 
ide; §8-Mercaptopropionic Acid; Mescaline Sulfate; Mesocystine; 
Methyl-bis-Chloroethylamine; 8-Methylcrotonic Acid; 3-Methyl- 
cytosine; Methylnonylketone; §-Naphthaleneacetic Acid; N-Naph- 
thyl-N’-diethylpropylenediamine; Naphthyl Red; Neurine Bromide; 
Nitrosomethylurea; Nordehydroguaiaretic Acid; Osmic Acid; Para- 
banic Acid; Penicillinase; Peroxidase; Phenolohthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvic Acid; Phthiocol; Pregnenolone; 
Protocatechuic Acid; Purourogallin; Pyocyanine; Pyrimidine; Reductic 
Acid; Sodium Amide; Sodium Fluoroacetate; Sohingomyelin; Sphin- 
gosine; Stilbamidine; Sulfaquinoxaline; Tantalum Chioride; o-Ter- 
phenyl; Re meet o-Terphenvi, on nee Pf Saree 
- 1; Be ph osphate; y-Tocophero osphate; ° 

Tasoneliine; Tropic Acid; Tyrosinase; Urease cryst.; Uridine; Uro- Write for NEW Comparator Catalog No. 600-10 
bilin; Ursolic Acid; Vitamin Biz. 


— HELLIGE 


INCORPORATED 
3718 NORTHERN BLVD.. LONG ISLAND CITY 1, N.Y. 


HEADQUARTERS FOR COLORIMETRIC APPARATUS 





bees nothing Like 


NONTADING 


GLASS COLOR 
STANDARDS 


Hellige Glass Color 
Standards are safely 
mounted in unbreak- 
able plastic frames, 
They are more 
convenient and eco- 
nomical. They never 
fade or change, 
THEY NEVER FAIL. 











DELTA CHEMICAL WORKS 





23 West 60th St. New York 23,N.Y. 
Telephone Plaza 7-6317 
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ALUMINA 


MORTAR ano PESTLE 


Catalog No. 524 


A New Design 
by COORS 
MADE OF 
ALUMINUM OXIDE 


Available in a 
variety of sizes. 


Bivsriiteclm bieitertc es 





The familiar C & B trademark is your assurance 


Li | @EASY TO GRIP that the product carrying this mark 
@ HARDNESS OF 9 (1) has been manufactured to meet the standards 











(Moh’s Scale) and specifications stated upon the label 
@ COMPLETELY (2) has passed our specifications prior to packaging 
x VITRIFIEDAND and has been rechecked after packaging 
CROSS SECTION: Showing rubber NON-POROUS (3) is backed by an organization which, for over 
ring inset in base... @ POLISHED thirty years, has had as its primary aim the produc- 
The exclusive Non-Skid Feature GRINDING tion of Laboratory Reagents of the highest purity. 


hich prevents sli in d C&B Products are distributed by Laboratory and 
which p Pping an SURFACES Physician Seely Houses Throughout the World 










also prevents marring of furniture tops } 
Write for copy of our catalog 


THE COLEMAN & BELL CO., Inc., 


Manufacturing Chemists : Norwood, Ohio, U.S.A. 


= = - COLEMAN « BELL 


fete] He) 2, Maae)Re) 7 Nel) 
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A New Special Type Detergent 
ORONOX 


Rust Inhibitor — Removes and prevents rust 
Cleans and Brightens Instruments like new 
Harmless to hands 

Eliminates tedious scrubbing 


Leaves no film 


Write for Sample 
1'/, lb. box $1.95 


The Best Detergent, Wetting Agent and Rust Inhibitor on the Market 


AMEND DRUG & CHEMICAL Co., INC. 
117-119 East 24th Street New York 10, N. Y. 

















Apparatus for 
Hydrogenation 
and other 
Pressure Reactions 


Look for the @ NAME PLATE 


PRESSURE REACTION 
APPARATUS 


ITEM NO SB seria no — s 


MAX. RATING VOLTS [a 
GE > s.ic CYCLES 


MM EG. WATTS [a 
MADE IN U.S.A. BY 


PARR INSTRUMENT COMPANY, INC. 
MOLINE, ILLINOIS 


@ The PARR name is your guar- 
antee of competent engineering 
and finest quality workmanship, 
backed by fifty years experience 
in the manufacture of Fuel Cal- 
orimeters and Pressure Reaction 
Equipment. Ask your PARR 
Dealer, or write direct to the 


Low Pressure 
Shaker Type 


factory, for information regard- 


ing any PARR apparatus. onlin 
igh Pressure 
Rocker Type 





The newest addition to the line of PARR 
instruments is the Series 4500 Medium Pres- 
sure stirrer type Hydrogenation Apparatus 
shown at lower right. It has Type 316 stain- 
less steel reaction bomb (either 1000 ml, 
or 2000 ml.) suitable for both catalytic 


hydrogenation studies and other laboratory 
work requiring a stirred autoclave. Units 
with bombs made from special alloys are 
available on special order. Your inquiries 
are invited. Ask your PARR Dealer or write 
us direct. 


PARR instRUMENT CO.. MOLINE, ILLINOIS 


EST. 1899 e 


MAKERS OF CALORIMETERS AND PRESSURE REACTION EQUIPMENT 


Please mention CHEMICAL EDUCATION when writing to advertisers 


Medium Pressure 
Stirrer Type 










for moat filtration 
of SCIENCE ot INDUSTRY 
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IN THE SIZE, SHAPE AND DEGREE OF 
FINENESS YOU DESIRE. OUR CHEMISTS 
WILL GLADLY CONSULT WITH YOU IN 
SELECTING THE PROPER FILTER PAPER 
FOR ANY SPECIAL PROJECT. 
































AVAILABLE THROUGH YOUR REGULAR DEALER 


/  @ IN LABORATORY SUPPLIES 
/ © IN FILTRATION EQUIPMENT 
©@ IN PAPER SPECIALTIES 


OR WRITE DIRECT FOR FURTHER INFORMATION 
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The EATON-DIKEMAN (ao. 


Mt. Holly Springs, Pennsylvania 
































COLEMAN 











BUFFER TABLETS 


always fresh, always accurate 

















"Rtg 


ER TABlers 

















PRECISE... Coleman Buffers are accurate, because 
they are always fresh. These dry tablets can't deteri- 
orate and change pH as liquids do... Certified 
Buffer Tablets are accurate to 0.02 pH at all times... 
available from 2.00 pH to 11.80 pH in steps of 0.20 
pH... each tablet makes 100 ml of buffer. 
CONVENIENT... You can store a wide range of 
Buffer tablets in a small space... and have fresh, 
accurate buffer always at hand. 

ECONOMICAL . . . Low initial cost, and freedom 
from spoilage make Coleman Certified Buffer tablets 
the economical, dependable way to use buffers. 







































































For full details write for Bulletin BB-205 
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Tht au E&D FILTER PAPER | “It’s a dog’s life but I love it.”’ 


THE CHEMIST 
AT WORK = 











Roy I. Grady 
John W. Chittum 
and others 


Fully seventy-five per cent of the “voca- 
tional problem” involves choice of work 
that one can enjoy doing. 


Although much has been written about 
chemistry’s role in modern life, there is 
almost nothing available about what the 
chemist himself actually does and how he 
does it. To fill this gap, fifty-three prac- 
ticing chemists—selected to represent as 
many different degrees of attainment as 
possible—were asked to describe briefl 
the general nature of the activities in which 
they are engaged, and the particular duties 
which they perform. 


Some of these chemists have spent a life- 
time in the profession; others have been 
graduated from college only a few years. 
The comprehensive picture which they 
present in this book shows the duties, 
problems, and daily routine in a great 
variety of chemical fields; it depicts the 
tedious drudgery as well as the pleasant 
and stimulating features. Salaries and op- 
portunities for advancement are also shown 
in this cross-section of working conditions 
within the profession. 


A book that can add 5 + pred to your teaching. It 
brings information of such great value to your students 
that it could well be required reading. ... Authentic, 
jactual accounts of the work of chemists employed i in 
as many different fields, written by ers who are 
actually doing the work they descri . in glass, 
metals, sugar, ceramic, canning, petroleum, and 
many other industries. Opportunities for the trained 
chemist in education, research, invention, in the 
literary field, in government laboratories, and in 
medical technology are discussed. The place of 
women in chemistry is given special attention. This 
book could well be required reading for teachers too. 

—The Science Counselor 


A few hours with this book give a broader outlook 
- the whole profession... . Each author is qualified 
by experience and training to relate the various 
activities connected with his work... . Probably the 
best use to which it will be put is the "guidance of girls 
and boys who must make their own plans and deci- 
sions concerning a profession. 
—Chemical and Metallurgical Engineering 


THE CHEMIST AT WORK should be in every 


school library for more complete and helpful 
vocational counseling. 


Illustrated, 354 pages $3.00 


CHEMICAL EDUCATION PUBLICATIONS 





Easton, Pennsylvania 
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A mine of information 
concerning chemical 
research. 


DISCOVERY 
OF THE 


ELEMENTS 
by Mary Elvira Weeks 


“This is not a new book, but the 
fifth edition, which fact in itself 
seems to indicate considerable 
popularity. As the title indicates 
the book is a history of the dis- 
covery of the elements. But it is 
far more than that. It is a mine 
of information concerning chemi- 
cal research. Names that have 
been mentioned baldly in text 
books of chemistry are here sur- 
rounded by the warmth of per- 
sonal contact through the media 
of correspondence, illustrations of 
equipment, photographs, and in- 
timate biographical details. The 
book can only be the result of 
extensive and careful research into 
the literature of chemistry. The 
number of documents and sources 
that have been examined to pro- 
vide voluminous and authentic 
information is staggering. But out 
of it come articulated accounts of 
the fever and the fret that have 
gone into the finding of these 
elements.” 


“Included in the book are more 
than 350 illustrations, many of 
which show original apparatus. 
Much of this in its crudity serves 
the more to emphasize the enor- 
mous achievement produced with 
it.” 

“On the whole it can be said that 
this book should be of interest to 
both layman and chemists. It will 
serve as a reference or equally as 
& source of information to those 
curious about investigations made 
about the building matter from 
which everything material sur- 
rounds them.” 


The B-C Teacher 
578 pp. over 300 illustrations 


pomestic $4.00 


FOREIGN $4.50 


Postage prepaid if remittance 
accompanies order 


Chemical Education Publications 
2010 NORTHAMPTON STREET 
EASTON, PENNSYLVANIA 
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HEVI DUTY 
“MULTIPLE UNIT” 


TUBE 
FURNACES 


” For Carbon Determination 
and Special 
Laboratory Analysis 


Hevi Duty offers a complete 
assortment of tube type Furnaces. The var- 
ious models provide for all Combustion 
Tube Furnace operations, as well as a va- 
riety of special applications at temperatures 
from 1100° F. to 2000° F. Each model has 
dependable “Multiple Unit” heating units, 
easily replaceable by the user. 


See Your Laboratory Supply Dealer or 
Write for Bulletin LAB-1236 


HEVI DUTY ELECTRIC COMPANY 
LABORATORY FURNACES MULTIPLE 


UNIT ELECTRIC EXCLUSIVELY 
MILWAUKEE 1, WISCONSIN 


° 
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Following is a list of reprints of articles from the 
JOURNAL OF CHEMICAL EDUCATION in stock at 
the present time. Because supplies are limited, 
please state second choice. 





, 
: 

4 

: 

No. TITLE AND AUTHOR PRICE { 
600 A Simple Bridge Balance Indicator for Con- : 
ductance Measurements, E. B. Thomas . 

and R. J. Nook 10¢ } 

601 Unfamiliar Oxidation States and Their Stab- q 
ilization, Jacob Kleinberg 25¢ § 

602 Business Organization and Administration in } 
the Chemical Industry, F. Curtis 25¢ 4 

603 The Dynamics of Gas Flow, Worth H. Rode- 4 
bush 25¢ } 

604 The Separation of Inorganic Ions by Paper q 
Partition Chromatography, W. Joe Frier- : 

son and Mary Jo Ammons 10¢ } 

605 Lecture Demonstration Experiments in Or- } 
ganic Chemistry, Ray Q. Brewster 25¢ 4 

606 Sodium Perchlorate and Anhydrous Mag- } 
nesium Sulfate: Two Student Prepara- q 

tions, Sigfred Peterson 10¢ 4 

607 Selection and Performance of Students, Fred 4 
Hazel and H. Sherman Oberly 25¢ } 

608 A Simplified Periodic Classification of the 4 
Elements, K. B. McCutchon 25¢ § 

609 Wolfgang, Pauli, by Emery I. Valko 10¢ } 
610 Metallic Soaps, Roy G. Bossert 25¢ 4 
611 The Rise of Industrial Research and Its ; 
Management, William A. Hamor 25¢ } 

612 The Chemistry and Manufacture of Anti- , 
biotic Substances, N. H. Hamilton 25¢ § 

613 Storage Batteries, James E. Cassidy 25¢ ’ 
614 Commercial Development in the Chemical q 
Industry, F. J. Curtis 25¢ § 

615 Technical Employment in the Chemical In- } 
dustries, E. W. Cook 25¢ 4 

616 The Chemical Revolution—The Second : 
Phase, Sidney J. French 25¢ } 

617 Photoelectric ‘“‘Colorimetry” with Inexpen- q 
sive Equipment, H. A. Liebhafsky and 4 

Earl H. Winslow 10¢ } 

618 Introducing Paper Chromatography to Bio- j 
chemistry Students, A. R. Patton 10¢ 4 

619 An Improved Apparatus for Obtaining Boil- } 
ing Points of Liquid Mixtures, Lawrence ; 

P. Eblin 10¢ 4 

620 Berzelius and Goethe, Dr. Oskar Baudisch 10¢ ; 
621 Chemical Education in Liberal Arts Colleges, ? 
193448, J. R. Sampey 10¢ 4 

622 Element of the Week, Delmar K. Myers 10¢ } 
623 Organic Qualitative Analysis at the Graduate b 
and Undergraduate Levels, Douglas J. : 

Henness 10¢ § 

624 A Simplified Laboratory Experiment in } 
Paper Partition Chromatography, T. B. : 

Gage, C. D. Douglass, and S. H. Wender 25¢ § 

625 A Physical-Chemical Approach to Reaction } 
Kinetics, J. Hirschfelder and C. Boyd 25¢ ¢ 

626 First Day with Hercules, Jane F. Gaffney 4 
and John T. Hays 25¢ } 

627 Importance of Functional Group Determina- , 
tion in Organic Quantitative Analysis, { 

Sidney Siggia 25¢ } 

628 Precipitation of Group II in Qualitative 4 
Analysis, John R. Long 10¢ 4 

629 The Training of Analytical Chemists for In- } 
dustrial Research, J. Stillman 25¢ 4 
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By Frederick H. Getman 
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*“*...a pleasantly written and inter. 


esting biography of a great chemist.” 


Remsen’s greatest fame was the discovery of the synthesis 
of saccharin which was the result of the joint work of 
Fahlberg, a German student working with Remsen and of 
Remsen himself. The way in which Fahlberg succeeded 
in concentrating all the fame on himself and in which 
he commercialized this invention is told in detail and it de 
serves to be told. It was an unpleasant affair that caused 
Remsen much trouble even in quarters where he had not ex. 
pected it, as subsequent difficulties with the editor of the 
Journal of the Society of Chemical Industry proved. 


Remsen’s work as a university president and a public servant 
constitute another example of the vicissitudes of an honest 
scientist in local and national politics and they are well told, 
Seeing the elaborate bibliography of Remsen’s publications 
appended to this book we have the feeling, even after the 
pleasant hours spent in reading it, that most has not been 
made of the evolution of Remsen’s practical and theoretical 
work as seen against the background of American organic 
chemistry of those days. Should anyone later attempt to 
write this more elaborate biography he will surely find this 
book a handy collection of facts to start from. 


R. J. Forbes, COMPTE RENDUS CRITIQUES 
$3. posTPaIp 


CHEMICAL EDUCATION PUBLICATIONS 


EASTON, PA. ) 


Order your copy today. 
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‘ 
We wish to acquire a limited quantity of the following ; 
back numbers of the JOURNAL OF CHEMICAL ‘ 
EDUCATION : 
1924—May 1936—February 
1925—August, September, October 1937—October 
1926—January, February, March, 1940—October 
April, July 1941—February, 
1927—September October 
1933—January, September 1942—November 
1935—January 1946—January 
1947—February 


If you have any of the above, please mail to us, wrapped 
flat, and we will reimburse you 50¢ for each copy received 
in good condition. Address them to: 


Back Copy Dept. 
eeee: JOURNAL OE CHEMICAL EDUCATION ececee 


Easton, Pennsylvania 
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Easton, Pennsylvania 

Please accept my subscription to the JOURNAL OF 
CHEMICAL EDUCATION for 
( ) Remittance of $ inclosed. ( 
invoice. 





) Please send 


FIRM or COLLEGE 
POSITION or TITLE 


One year $3.00 Two years $5.00 Three years $7.00 
Canadian subscriptions add 50¢ yearly; 
on Foreign add $1.00 
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MODEL 1900... for boiling, 
evaporations and general labora- 
a tory work... 





Ideal unit for a wide variety 
of routine and critical laboratory uses because of 
its wide temperature range, exceptionally close con- 
trol—less than 5° F. variation. Features com- 
pletely variable control over full temperature range 
from 100° to 700° F. Compact, convenient... 
plugs into any 110 V. 50/60 Cy. circuit. Plate size, 
6” square. Cast aluminum top heats rapidly to all 
edges. Neon pilotlight. Well insulated and venti- 
lated. Price, $19.75. Write for literature and 
nearest dealer’s name. 


THERMO ELECTRIC MANUFACTURING CO. 


471 Huff St., Dubuque, lowe. 




















ELECTRONICALLY REGULATED 


LABORATORY 


POWER SUPPLIES 


~ 


« 
STABLE 
@ 
DEPENDABLE 
* 
MODERATELY 
PRICED 






© INPUT: 105 to 125 VAC, 50-60 cy 
MODEL 32 © OUTPUT #1: 200 to 325 VDC at 300 ma 


STANDARD regulated 
a 4 © OUTPUT #2: 6.3 Volts AC CT at 5A 
MOUNTING unregulated 
PANEL SIZE © OUTPUT #3: 6.3 Volts AC CT at 5A 
1012" x 19” unregulated 
DEPTH 9° © RIPPLE OUTPUT: Less than 10 amilli- 
WEIGHT 38 LBS. aie wan 


LAMBDA ELECTROMICS 


NEW YORK 


CORONA 


| HERE’S HOW TO 














Keep Your BALANCES 


IN PERFECT CONDITION! 


Our Experts 
Will Repair 
and Adjust 
Them Right 
in Your Own 


Laboratory 


Save the expense, trouble, delay, and posite damage in transit, 
| + hal 


o Pr your to the shop for repairs. ou lose the 
use of the balance only while our service men are working on it. 





Periodical tours are arranged in your locality about twice a year. 
We'll give you an estimate and do the entire job in your laboratory— 
including, as needed, complete reconditioning, polishing, re-lacquer- 
ing, sharpening knives, resurfacing planes, and adjusting to perfect 
performance. 

Rates On Request 
Some of the Institutions we serve: Yale, Tulane, Rochester, 
R.P.1., Duke, Notre Dame, Michigan, North Carolina, Tufts, 
Mass. State, U. of Buffalo, U. of Kentucky, U. of Maryland, and 
many more. 
For descriptive circular and dates when our 
service men will visit your territory, write, 


JOHN P. MULLER ASSOCIATES 
P.O. BOX 773 NEW ROCHELLE, N. Y. 
















FARRAND 
INTERFERENCE 
FILTERS 


—NARROW BAND - 
‘HIGH TRANSMISSION 













For extending the use and spectral accuracy of 
Colorimeters, Spectrophotometers, Flame Pho- 
Fluorometers, 


tometers, Spectrometers and 


similar instruments. 


Farrand Interference Filters enable isolation of 
narrow regions of the spectrum and thereby af- 
ford optimum selectivity. Their excellent op- 
tical qualities provide High transmission. They 
are permanent to normal atmospheric condi- 
tions—not affected by heat because radiation, 
which is not transmitted, is reflected—not. ab- 


sorbed. 


BULLETIN #800 ON REQUEST 





PRECISION OPTICS, ELECTRONIC 
AND SCIENTIFIC INSTRUMENTS 


FARRAND OPTICAL CO., inc. 





BRONX BLVD. and EAST 238th STREET - NEW YORK 70, N. Y. 
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S & S No. 289 


DRY-DISPERSED, ASH-FREE 


Analytical Filter Pulp for Use in Exact 
Gravimetric Analyses 


Are YOU fully aware of the important 
advantages of this superior filter aid? 


Ask for Bulletin No. 68 and free sample 


CARL SCHLEICHER & SCHUELL CO. 


KEENE, N. H. 














ee M., Ss. C. 
Spectrometer Checked) 


‘RARE GASES 
HELIUM - NEON « ARGON « KRYPTON - XENON 











Linoe Rare Gases are mass spect 

assure you gases of known pei: 
quality. Available in co ial-s 
glass bulbs. 


Linde, the world’s largest producers of gases derived 
from the atmosphere, can meet your individual needs 
of purity... volume ... mixtures... containers... 


LINDE AIR PRODUCTS COMPANY 


A DIVISION OF 
UNION CARBIDE AND CARBON CORPORATION 


30 East 42nd Street [49 New York 17, N.Y. 
in Canada: Dominion Oxygen Company, Limited, Toronto 
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This book will be particularly welcome 
to those chemists and chemical engi- 
neers who are not connected with some 
large firm or organization employing a 
qualified translator. Anyone who needs 
to refer to Russian periodicals with 
reasonable frequency would find it well 
worth his while to study Russian for 
himself. 


| eee RUSSIAN 
SELF-TAUGHT 


James W. Perry 


Massachusetts Institute of Technology 


Interest in Russia and its scientific 
developments has probably never been so 
keen as it is today. Many a chemist 
would like to be able to read about 
Russian technical advances in the orig- 
inal Russian, but is held back from at- 
tempting to learn the language by the 
apparent difficulty of the undertaking. 








At the present time, when the study of 
Russian is being placed on an equal foot- 
ing with that of French and German, 
especially for students majoring in sci- 
ence, the meagerness of good textbooks 
and good teachers is an acute problem. 
Any book that can alleviate this condi- 
tion is to be greeted with enthusiasm. 
CHEMICAL RUSSIAN, SELF-TAUGHT 
goes a long way toward fulfilling the need 
of the student interested in studying 
scientific Russian. 


The author is to be commended for having 
undertaken such a difficult work and for 
having produced such a good text. It can be 
recommended without question. 


—Scientific Monthly 





A most valuable book .. . of great aid and 
interest not only to the beginner but also to 
the more experienced linguist, who may not 
realize how many specialized meanings have 
been built into the scientific form of the 
language.”"—Henry M. Leicester, College of 
Physicians and Surgeons, San Francisco 


Anyone devoting half an hour each evening 
to technical Russian could master it ade- 
quately in six months. ... Any chemist inter- 
ested in studying Russian should be much 
encouraged on reading the chapter entitled 

“Suggestions for Study Methods.”” Here the 
approach to study of Russian is analyzed 
logically and clearly. . . In fact, this book 
would be a good investment even to those 
chemists who want to learn only enough 
Russian to read the titles of technical articles. 

—Chemical Engineering 






221 pages $3.00 
CHEMICAL EDUCATION PUBLICATIONS 
2008 Northampton St. Easton, Pa. 
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Something Different 


in Wixing Actions 


-+.an action that may give you 
the better mixing you must have 





Effect produced by repetitive 
photographs of model of the 
mixer arranged to combine 
whirling action of the mixing 
arm with rotation of can. Note 
how thoroughly the entire space 
occupied by the batch is cov- 
ered by the agitator. 






Combine the unique folding-in action of 
the angular mixing arm with the rotational 
movement of the change can and its con- 
tents and you get unusual mixing action. 
One section of the arm, as it rotates,passes 
close to the bottom driving the materials to 
the top and when it reaches the top forces 
material downward again. Another section 
of the mixing arm sweeps the sides of the 
can with a rotational movement. The third 
section cuts through the charge in the can, 
with an eccentric like motion. While all this 
is going on, the can itself is rotating on the 
power driven turntable, resulting in the 
elimination of any dead spots or localized 
whirlpools. Tests and production results on 
many different products bear out this point. 
Mixing is thorough and fast. 


The Troy Angular Mixer is available in two 
production sizes: 40 and 60 gallons. Sev- 
eral sizes of motors are available, the selec- 
tion depending upon the nature of materials 
being mixed: light motors for liquids and 
semi-pastes; larger up to very heavy motors 
for heavy and extremely viscous materials. 
The design is such that when mixing is com- 
pleted, the whole mixing mechanism can 
be tilted back to permit removal of the can. 


Process Machinery Division 


TROY ENGINE & MACHINE CO. 


3000 RAILROAD AVENUE « TROY, PENNSYLVANIA 
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-EQUPMENT CHEM ED BUYERS’ GUIDE SERVICES | € 
_ EQUIPMENT SERVICES 
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Carci ic Hydrocarb 
arcinogenic mydarocarbons BEC! 
Imidazole NI N H Y DR IN lcs 
mm. 
Undecylenyl Alcohol <i galled =e 
IMMEDIATE AMINO ACIDS r00D 
EDCAN LABORATORIES PIERCE CHEMICAL COMPANY 48:14: 
DELIVERY South Norwalk, Connecticut P. O. Box 117 Rockford, Ill. youws 
from complete stocks — al ene —| ey 
Alkaloids ANTHRONE AMINO ACIDS—RESEARCH V-21 
Natural and Synthetic Amino Acids NITRANILIC ACID ; BIOCHEMICALS y-21B 
- - Basic Producers of HYDROXYPROLINE 
Unnatural Amino Acids ALLOXAN _PROLINE, ARGININE . 
: > - - ru: 
Biochemicals 3106 W. Lake Street Chicago 12, Illinois ene for oe es Pu 
Enzymes and Coenzymes National Biochemical Company H. M. CHEMICAL CO., LTD. 416 N. 
- | 144 No. Hayworth Ave., Los Angeles 48, Calif, ee 
Heterocyclic Compounds as ee LL a —— 
Imines and Amines aaa 
eeotetorgontcs ALUMINUM iso-PROPOXIDE, INEXPENSIVE C 
Pharmaceuticals Const, Cament Quad Oo 
Purines and Pyrimidines on ag —_— *EFFECTIVE a 
Rare Organic Acids and Derivatives Amines and Alcohols ‘ L 
Reagents Unnatural Amino Acids PROFITABLE E 
Sugars and Derivatives Chaulmoogric Acid, Chromy! Chloride, That's what they say about G 
Vitamins and Derivatives Coniine, 2,6-Diaminopurine, Heptadecyl Chem Ed Buyers’ Guide. E 
Alcohol, Homogentisic Acid, Hydnocarpic 
Acid, Mezcaline, Nonadecyl Alcohol, RATES 
Orcyl Aldehyde, Syringaldehyde, and M 
Laboratories. QDne. others. 12 insertions.......... $6.75 per inch O 
17 West 60th St., New York 23, N. Y. HUNTINGTON CHEMICAL LABORATORY G insertions. ........% 7.75 per inch D 
Piase 7St7) Box 1737 Huntington, W. Va. Less than 6 insertions... 8.75 per inch E 
L 
THE POLAROGRAPHIC METHOD OF ANALYSIS” 
we} | B-416 
2 ad Edition By OTTO H. MULLER, Associate Professor of Physiology, State 
n ] ] } d University of New York Medical Center at Syracuse, Syracuse, N.Y. 
“The scope of the book may be judged from the titles of the conveniently collected in one volume and which generally 
eight chapters; Introduction and Review of Electro-analytical must be learned through more or less painful experience. 
Methods; Apparatus; Fundamentals of Quantitative Analy- Included are methods of measuring wave height and trans- 
sis; Fundamentals of Qualitative Analysis; Polarometry; lating it into units of concentration; criteria for the selection 
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Recent Developments; Applications; Suggestions for Practi- 
cal Polarography. 

“The construction of a simple, flexible and inexpensive polaro- 
graph from materials readily available in every laboratory 
stockroom is fully described together with details of oper- 
ation. With this instrument, it is possible to perform any of 
the 26 illustrative experiments..... in the last six chapters. 
“Chapter V, which is completely new, deals with polarometric 
(amperometric) analysis and includes not only polarometric 
titration but also the more general subject of current-time 


and a brief bibliography of general polarographic texts and 
published bibliographies. 


in our opinion, has not been sufficiently emphasized previ- 


of supporting electrolytes; use of the compensator; deter- 
mination of half wave potential; pH measurement with the 
dropping mercury electrode; use of the literature; causes of 
erroneous results; and selection and calibration of electrode 
capillaries. An appendix lists useful data, buffer compositions 


A thorough index permits ready 
location of subject matter. 


“In speaking of apparatus, Dr. Miiller makes a point which, 





curves obtained at constant applied potential and useful in ously in spite of a considerable mention of it in the literature; | 
studies of reaction kinetics, oxygen metabolism, etc. very satisfactory polarographic analysis may be performed | 
“In another new chapter, some of the more recent develop- with a most simple apparatus... . . Clarification of this point For 
ments such as differential, derivative and oscillographic should serve to expand the teaching and application of i 
polarography are discussed. Various electrodes other than polarography. For those interested in familiarizing them- ei si 


the dropping mercury type are described together with their 
characteristics and applications. 

“To us it seems that the material in Chapters VII and VIII 
should be combined under the title of the latter, ‘Suggestions 
for Practical Poliarography,’ for it is in these two chapters 
that there are presented many useful manipulative techniques 
and trouble shooting procedures which are very rarely found 


selves with the method, we recommend, ‘The Polarographic 


Method of Analysis’ as an excellent starting point.” 
SCIENTIFIC APPARATUS AND METHODS 


$3.50 


209 pp illustrated 
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APPARATUS 
EQUIPMENT 


CHEM ED BUYERS’ GUIDE. 
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SERVICES 
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FOR SALE 
BECKMAN Flame Spectrophotometer at- 
tachment. Model 10300. Complete as- 


sembly, hardly used. Will consider any 
reasonable offer. 

FOOD RESEARCH LABORATORIES, Inc. ] 
48 14 33rd Street, Long Island City 1, N. Y. } 
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VARNITON LABEL VARNISH F 


y-2i1 For General Label Protection (via 
Express only) 

y-21B_ For Protection against Con. Acids ; 

and Con. Alkalis (mailable) 4 

16 oz. can plus 2 oz. bottle and q 


brush dispenser $1.50 f.0.b. Burbank 4 
Purchase from your laboratory dealer 
E VARNITON COMPANY 


416 N. Varney St. Burbank, California 
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B-41650 New DEMINERALIZER 









Pure 


Water 
s 
Five gallons 
per Hour 
oe 
With Purity 
Indicator 
. 


with ten ion-exchange resins. 
Up-end raw water bottle on top, 
draw purified water from bottom. 


i. Je only $39.50 
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For The Chemist and Engineer 








Sturdy: Low Priced: Weight 12 Ibs. 
Easy to Learn: New Back Transfer 
Device Speeds Up Calculations 


Ask For Bulletin CQ-63 





SOLE DISTRIBUTORS FOR U.S.A 





0. } IVAN SORVALL, INC. 
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NEW YORK 10, N. Y. 


STAINLESS eb TANKS 


5000 
Brand 
NEW! 
Clean— 
Perfect 
Condition 


Ly GI—18 gauge (.051”) 
IPT at cach end. Wr. 18 Ibs. 
| ES ee nine 
12,000 STAINLESS STEEL TANKS 
Type A-4. Size 5” x 8”. 104 cu. in., rated 400 PSI 
One 34” pipe connection. We. 1 4% Ibs. . . . $4.75 each. 
All prices f.0.b. Chicago. Write for quantity prices. 
WELLWORTH TRADING CO. 
1831 S. State St., DEPT. JEC, Chicago 16, ii, 


Rated 400 PSI— 4 inch 


Special price, any 








$14. 50 











scissor-like cuts per minute. 


Write for fully descriptive literature. 





NEW LABORATORY B samy _ “Labconco" 
solves tough g that 
prepare @ large number and oe of ‘samples. 
t on this rugged mill permits 
an endless number of settings, from powder-fine to 
coarse grind. Newly designed cutting plates are 
easy to clean, and novel steel-and-leather wipers 
continuously sweep .~ punmes chamber clean. 
Available in 4 h. 1 h.p. models. For pic- 
aoe, prices and ful details on the new mill, write 
y to the mani 


LABORATORY CONSTRUCTION co. 
1113 Holmes Street 7 Kansas City, Mo. 




















BROOKFIELD 
Synchro-Lectric 
VISCOMETER 
Makes accurate viscosity determinations. in 
less than 30 seconds — as simply, quickly, 

easily as taking temperature. 
BROOKFIELD 
Counter-Rotating 
MIXER 
Two concentric, oppositely rotating shafts, 
—— propeller equipped, produce up to 48,000 —J 


C0 i old aE 


ORGANIC NITROGEN COMPOUNDS 
FUNDAMENTAL ORGANIC CHEMISTRY 
WORK-BOOK OF ORGANIC CHEMISTRY 

Revised: $8.75, 4.50, 1.75 
University Lithoprinters, 
Ypsilanti, Michigan 


CARGILLE 
MICRO BEAKERS 


Glass; capacity 1 ml. 
For weighing small amounts 
of material and for many 
semi-micro procedures 
These small beakers can be used for many re- 
actions and tests ordinarily conducted with 
— amounts—with savings of space, time 

materials. 

Price: 15 for $1.00: $7.50 per gross 
Write for check list No. 2-JCE Listing Other 
Cargille Products for College Laboratories 


R. P. Cargille 








118 Liberty Street New York 6, N. Y. 











pH PAPERS 


Accurate pH Values 

in a few seconds 

Sensitivity 0.05 pH 
Indicator AND control-colors on SAME 
strip. Control-colors in steps of 0.2 pH. 


For buffered and unbuffered solutions 
covering the entire range. 


PAUL FRANK 


118 E. 28th St. New York 16, N.Y. 














FLEXIBLE PLASTIC TUBING 


TOP QUALITY, MODERATELY PRICED 
Nalge’s Alanol flexible plastic tubing is 
tough, clear and chemically inert. Can be 
used for corrosive chemicals, alcohol, food 
products, beverages and oils. Sterilizable 
with steam, it is made of a Vinyl Chloride 
Compound and stocked in 37 sizes from .120 
to 1 inch i.d., 170 to 1% inches o.d. Tem- 
aay 3 range is minus 35 to plus 190 de- 
grees 

Ask us for prices and quantity discounts, 
they will show large savings over competi- 
tive products. Samples supplied. 


The NALGE Company 


623 S$. Goodman St., Rochester 20,N.Y. 
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Certified Buffer Solution 
for your pH Meter .. . at 


$1.88 per liter! 
Each Coleman Certified Buffer Tablet 
makes 100 ml of FRESH liquid buffer 
solution . . . for calibration of ANY 
pH meter! 
Tablets keep indefinitely. Order a 
few vials... any pH value from 2.00 
pH to 11.80 pH, in steps of 0.20 pH— 
specify Cat. No. JCE-6 
Per Vial of 12 tablets....... 
Per Box 6 Vials (same pH).. 


. .$2.50 
. $13.50 








ATORY SUPPLIES 


JILKENS: 


NDERSON (-O 


\_ CHICAGO Sitti | 






































FOR SCIENTISTS EVERYWHERE 


GAS ANALYSIS 


APPARATUS 
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BURRELL 


2223 FIFTH AVENUE, PITTSBURGH 19, PENNSYLVANIA 


Your needs have impelled Burrell to pioneer in the field 
of gas analysis down through the years. Many “‘firsts” ang! 
“exclusives” in both construction of apparatus and methods 
of procedure have resulted. Typical Burrell exclusives arg 
Catalytic Combustion for greater speed, safety and accuraey, 
and Perma-Therm heating for constant, automatic, tem 
perature control. Of particular interest to scientists every 
where is the versatility of types and models offered. Yoy 
select from the most complete assortment of gas analysig 
apparatus available. All of your needs can be met. 


THe BurreL_L DE Luxe Mobev J, pictured, is one of the 
most frequently specified types of gas analysis apparatus. 
Designed for adaptability and efficiency in the laboratory, 
any simple or complex mixture may be handled with speed 
and accuracy. Because all of the necessary equipment for 
all the commonly used methods is incorporated, the analyst 
needs only to select the method best suited to the gas 
sample. This versatile Burrell gas analyzer 
is delivered with all needed equipment and 
accessories for prompt operation. For more 
detailed information about this and other 
models, write for Burrell Catalog 80, which 
contains a helpful Manual for Gas Analysts. 


THE 


portable and easily operated units for the industrial gas 


BurRRELL INDustRO GaAs ANALYZERS are compatt, 
analyst. Designed for on-the-job use, these ‘‘Industros” 
are rugged and trouble-free. The frame is all metal and 
there are no glass stopcocks to handle with care. Model } 
(shown), is used for mixtures such as flue where 


Gases 


determination of carbon dioxide, oxygen, 
and carbon monoxide is desired. Model C 
offers added facilities for more complicated 
mixtures. For 


detailed information about 


these efficient Burrell Industro Gas Ana- 


lyzers, ask for Bulletin No. 313. i 
@©02002000800808080880880888080808880808000! 


THe BurRELL CQO) INpDICATOR is a necessity for all com 
bustion engineers. By measuring the CO, content and the 
temperature of the chimney gas, amount of heat loss cal 
readily be determined. The Burrell CO, Indicator is light 
and sturdy with an easy-to-read scale. No —a 


a small hole in the stack makes ; 
immediate testing possible. A complete kit e 


= 


installation or time consuming preparations 
are needed 


includes all accessories and instructions for 
use. Ask for Burrell Bulletin No. 206. 


CORPORATION 
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of the Now ready to help you. 
an The NEW easy-to-read, 
pee easy -to-find, easy-to- 


eat foe order-from 896-page 
mis) NYLAB Catalog 7 of 
Scientific Instruments 
and Apparatus. 


NEW SIMPLIFIED PAGE STYLE FEATURES OF THE NEW NYLAB CATALOG 7 


EACH PAGE INDEXED. The @ Alphabetic listings with each item and size of item 
upper outside corner of each carrying its own catalog number in bold face type. 

page carries the individual 
page listing directly above 


he gas 





P @ Fully illustrated with 3,547 individual illustrations. 
mpé A 








ial gas the page number to assist in e Large page size, 8 x 103/, inches, printed on a heavy 
ustros” identifying the proper sec- stock, bound in durable Fabrikoid and embossed in 
al and tion of the catalog. green and gold. 
lodel CLEAR FACTUAL ILLUS- @ One column page style facilitates easy location of 
where TRATIONS. Over 3,500 illustration and descriptive matter. 
ane large illustrations arranged e Extensive 48-page, cross-reference index section printed 
sce alongside the descriptive on a different colored stock for instant reference. 
z | wei “— oe on wesc @ Up-to-the-minute listing of the latest developments, 
Ti woe See a 7 in improved designs and specifications of scientific instru- 
fl number and description. ments and apparatus. 
AN INDIVIDUAL NUMBER 
eer FOR EACH STYLE AND 
SIZE. For fast, easy order- ” 
Il com ing, each size and style of <i 
and the an item carries its own BOLD How to Get Your Copy 
oss cal FACE catalog number. Your Write today on your company or 
is light assurance of receiving the institution letterhead, giving 
ae item you desire by merely name and title of individual to 


—————4 


i 
“A 


writing one number instead receive this valuable 896-page 
of the customary lengthy catalog. 
description. 
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Do yes have this booklet? 
It describes: 

“How to Prevent Accidents 

in the Laboratory” 

“How to Avoid a Charge of 

Negligence” 

“Laboratory First Aid and 

Fire Fighting”’ 

“Safety Equipment Availa- 

ble for Use in Laboratories”’ 





PITTSBURGH e 
717 Forbes (19) 


NEW YORK 
635 Greenwich (14) 




















A laboratory is a safe place to work when: 


aq 
Workers are kept informed on hazards and safety prac- 


tices through a planned program. 


2 


Supervisors recognize their responsibility to provide 


proper instruction and equipment. 


Modern methods and appliances for handling all oper- 


ations are used. 
First aid and emergency equipment is conveniently at 


hand for unforeseen accidents. 


WRITE FOR FREE COPIES TO— 


Headquarters for Laboratory Supplies 


FISHER SCIENTIFIC COMPAN) 


WASHINGTON ©@ = ST. 


7722 Woodbury 
(Silver Spring, Md.) 


LOUIS e 
2109 Locust (3) 








MONTREAS 
904 St. James 


y 






